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PREFACE 

A GLANCE at the table of contents will show that this book 
treats, first, the subject of plant life and growth, and methods of 
improving plants. A preliminary study of botany is not essential 
to the understanding of these lessons. Soils and their improve- 
ment and maintenance are next considered. The treatments of 
the various farm crops, including fruits, vegetables, field crops 
and forestry, are given in much more detail than in texts which 
attempt to include also the study of livestock. The latter is 
omitted from this book except as it enters into the discussion of 
the principles of farm management, the busmess of farmmg, or 
the principles of breeding. The enemies of crops — ^weeds, insects, 
and diseases — are considered somewhat fully. Much emphasis 
is laid upon the improvement of the home and the community. 

The field and laboratory exercises at the close of each of the 
chapters are given so fully that it is believed they will be easily 
understood and may be readily followed. 

The time allowed to complete the studies and the exercises in 
the book should be one school year. In many instances there are 
more exercises in field and laboratory work, suggested at the ends of 
the chapters, than can be p)erformed by all students. A good plan 
ma}'^ be to divide the exercises among the students. In other 
cases the materials may not be available in the particular region, 
but similar exercises will naturally suggest themselves. The 
different sections of the country have been in the writer's mind 
while preparing the text and suggesting the exercises. 

More than 4,600 high schools are giving courses in agriculture. 
The courses offered vary from one-half to four years of agri- 
cultural work. In addition to these regular high schools there are 
many agricultural schools offering much more agriculture, and 
also giving courses in manual training for boys and home eco- 
nomics for girls. At the present day there is a tendency to for- 
mulate more systematic courses in the agriculture offered by high 
schools. In the past, too many have started -with a one-year 
course of general agriculture and then later tried to change it by 
adding one, two, or three years of agricultural work. Students 
continuing under such a plan found that the first year of work 
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vi PREFACE 

had covered much of the matter taken up in the following years. 
Such duplication is discouraging to the student, and less real 
progress is made in the instruction. 

This book, including the study of soils and plant husbandry, 
offers a solution for this difljculty. 

The book has had its origin in the discussions and plans 
formulated by the agricultural teachers of accredited high schools 
in conferences beginning in 1914. These conferences for southern 
states have been held and reports formulated in cooperation with 
the United States Department of Agriculture. 

A decided effort has been made to get away from the one-year 
plan for the starting of the high school course in agriculture. 
There has also been a feeling that high school students should not 
be required to purchase too many separate text-books for each 
year of the high school course. 

The plan, somewhat modified, would be: 

High schools offering only ono year of agriculture, should give — 

A year of plant husbandry (with a view to adding a second year of animal husbandry 
later). 

High schools offering two years of agriculture should give: Firat year: Plant Husbandry. 
Second year: Animal Husbandry (including Poultry). 

High schools offering three years of agriculture should give: Firsi year: Plant Hus- 
bandry. Second year: Animal Husbandry (including Poultry). Third year: Farm Mechanics 
and Engineering (half year). Farm Management and Accounting (half year). 

High schools offering four years of agriculture should give: Firet year: Plant Husbandry. 
Second year: Animal Husbandry (including Poultry). Third year: Farm Mechanics and 
Engineering (half year). Farm Management and Accounting (half year). Fourth year: 
Dairying, or Poultry (half year). Feeds and Feeding, or Special Fruit Growing (half year). 
Elect! ves from the following may be substituted in the third year of three-year high 
schools, and in the last two years of four-year high schools: H unit each of Fruit Growing, 
Vegetable Gardening, or Improvement of Home Grounds; H unit each of Dairying, Animal 
Husbandry (Feeding), or Field Crops; >^ unit each of Insects or Forestry. 

In the high school curriculum the science work to be taken 
parallel with the agricultural course, should be of a practical 
nature. The biology should include additional studies in eco- 
nomic insects, birds, bacteria in relation to country life, and the 
main types of plant diseases. Physics or chemistry, or perhaps 
both of these sciences, can be giv^en a strong practical trend. 

This plan may or may not be preceded by agricultural lessons 
in the grades l:)elow the high school, but such an elementary course 
covering the whole field in a very brief way, would be helpful, 
and is recommended. Some Nature lessons in the grades may 
also be given, and these should have a practical and perhaps an 
agricultural trend. 

In some instances it may be found advisable to reduce the 
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work offered in this book to one-half year. Such might be the 
case whUe adjusting the high school course to the new plan. If 
this be attempted it could be accomplished by omitting certain 
chapters which seem of least value in the particular locality. 
Some of the exercises suggested at the ends of chapters could 
then also be omitted if necessary. 

The supplementary reading, offered by the references at the 
ends of the chapters, may be done wholly or in part, to suit the 
special needs of the course pursued. 

The school equipment for laboratory work may be very simple, 
or it may be very elaborate, 'to suit the funds of the school. For 
example, in the study of soils, tin cans, lamp chimneys, and soil 
boxes may be used in place of expensive brass cylinders and similar 
apparatus. 

Land for use in teaching high school agriculture is always 
helpful. It maintains the interest of students, makes the lessons 
more concrete, and inspires confidence in the work, among patrons. 
Large areas are not usually to be recommended, except for special 
agricultural schools. Plots may be either rented or owned. On 
them should be grown such crops as should be more grown in the 
community. Demonstrations in soil treatment, as liming, fertil- 
izing, or subsoiling, may be carried on. Variety tests are valuable. 
Cultural methods may be shown. 

Home projects suggested at the close of a number of these 
chapters will give valuable farm practice. Credit for such work 
should be given. It is as valuable as, and perhaps more so than, 
the school work itself. Of course the home gardens, club work, 
and home projects should always be under the guidance of the 
instructor. Satisfactory reports of the work should be made; and 
inspection of the progress of the work will be necessary from time 
to time. 

Criticisms of the plan and subject matter of the book will be 

gladly received by the author. 

K. C. Davis 
Nashvillb, Tbnn., April, 1917 
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CHAPTER I 
PLANT LIFE 

Whatsoever a man soweth, that shall he also reap. — BibU, 

All animals used by man are dependent upon plant life. Man 
himself is directly or indirectly dependent upon it. Plant life 
either furnishes food for man directly or the nourishment neces- 
sary for the production of the animal food he eats. Plants also 
furnish much of the fiber used by man in industrial arts, and for 
his clothing. Likewise they furnish much of the building material 
and fuel used by him. 

Man is interested in the soil chiefly because of the crops which 
it may be made to produce. His chief interest is, therefore, in 
planrt» — ^not in soil. 

Agriculture is the science and art of producing plants and ani- 
mals and their products for the benefit of man. It is the oldest 
and most important occupation known because it is fundamental 
to all other occupations of man. Indeed no civihzation can exist 
long without agriculture. 

The (iycle of Plant Life. — ^The plants used by man are nearly 
all very complex in their structure, and their physiology is as in- 
teresting as it is important. The study may begin with the ger- 
mination of the seed. The little plant soon develops a stem from 
which will spring both roots and leaves. The complexity of the 
young plant is rapidly multiplied. Later on buds are formed, then 
flowers and seeds. In time the plant may die and the species 
survive only through the remaining seeds. 

Germination. — ^The conditions for germination of any given 
kind of seeds are: proper amount of moisture, warmth, and air. 
Light is not necessary during this stage of growth (Fig. 1). 

Of these conditions for growth, moisture and warmth are the 
ones most essential for consideration, as air is usually present. 

1 
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Moisture. — Most fann and garden seeds rapidly absorb water 
when placed in contact with moist soil. The rate at which water 
will be taken up depends on the nature of the seed coat; the tem- 
perature of the soil and seed; the amount of water present; and 
the completeness of the contact. 

The seed coat itself may be of such a character as to retard 
the absorption of water. Such seeds are better protected gainst 
germination at improper seasons than are other seeds with soft 
coats. Even the seed itself may contain much oily matter which 
helps to preserve it a long time. Such will not absorb water so 



readily, and usually their germination is slower. For these reasons 
some kinds of seeds should be soaked a few hours before planting. 

Many seeds will not germinate until the temperature of the 
soil is nearly txjual to that of wann spring air. 

Water must not be so abundant in the soil as to exclude the 
air. If this be so germination of most kinds of seeds will be pre- 
vented and the seeds will rot instead of germinating. Such a con- 
dition is commonly found in wet soils in early .spring. The re- 
planting of com is perhaps as often due to this trouble as to the 
lack of sufficient warmth. Neither should the soil be too dry. 



WHAT GERMINATION IS ^ 

If there is not enough moisture to cause the seeds to take up water 
rapidly they will remain dormant for a long time in the soil. As 
many seeds are planted very shallow, and as the top layer of soil 
is usually drier than that farther down, their germination is often 
very slow. It may be hastened by increasing the moisture in 
some way. This may be done by watering the seed bed or by firm- 
ing the soil. 

If the moist soil be pressed firmly againvst the seeds water will be 
absorbed and germination take place sooner than if the soil is left 
very loose. It is for this reason that seed beds are rolled. The 
gardener may tramp upon the row of seeds after he has planted it. 

Warmth. — The needs for proper temperature for germination 
are usually well understood by the farmer or gardener. It is pos- 
sible for him to control the temperature of the soil to a very great 
extent. Harrowing will warm the soil by letting in warm air. 
Rolling in the spring cools it by increasing the evaporation. He 
also knows that certain kinds of seed will st4irt when the soil is 
comparatively cool, while others must not be planted until later 
when the air and soil have become ver\^ warm. Oats will not 
sprout well at a temperature below 40 degn^s F., and prefer a 
temperature of 60 degrees or more. Com needs about 50, and will 
do better if the soil is as warm as SO or 90 degrees. 

Air and Oxygen. — ^Air is usually present in soils in sufficient 
abundance to allow seeds to <5erminate properly. This is par- 
ticularly true of coarse or sandy soils. In heavy clay there may 
be enough water present to exclude the air. If the air be kept 
out because the soil is puddled or too firmly packed when wet, 
germination is not likely to take place. Seeds differ a great deal 
in this matter. Flax for example does not require so much air 
for germination as wheat or com. It is partly because of these 
differences in seeds that the cultural methods are found to var^*^ 
so widely. The student may prove the need of air for germina- 
tion by placing seeds of any kind in a bottle of water to see if they 
will germinate. They should be compared with othera placed in 
proper conditions of moisture, warmth and air. 

What Germination Is. — ^W^hen seeds begin to germinate the store 
of plant food in them is changed into a form suitable for circulation 
(Fig. 2). As moisture is absorbed and oxygen taken in, carbon diox- 
ide is given off. During these changes the tissues of the embry- 
onic plant contained in the seed begin to grow. Soon a stem is 
formed which turns its growing joint downward and away from the 
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light. As this young stem extends in length it either forces the 
first seed leaves upward and toward the light or raises the seed itself. 
If the seed is in the ground the lengthening of the young stem 
may either push the young leaves up out of the ground, or push 
the remainder of the seed into the air. This is called sprording. 
The seed leaves are called cotyledons, and the young growing 

stem is called the hypocotyl. The next 
leaves formed, and which appear in the 
growth after or above the seed leaves, form 
the plumule. This is the terminal bud of 
the young plant. 

Depth of Planting. — Seeds differ in the 
character of growth of the hypocotyl. In 
the field and garden pea, for example, the 
two halves of the seed, called cotyledons, 
are usually not forced above the ground. 
In the germination of melons, squash, 
beans and others they are lifted through 
the surface of the ground into the air. 

Because of these diflFerences in sei^ds the 
depth of planting must be varied. Those 
seeds which push the cotyledons out of the 
ground should not be planted so deep and 
care must be exercised to avoid the soil 
leaves mu^^upp'iy^aiuh^^^^^^^^^^ bccoming crusty at that time. Those which 
th^r^tJ^^ln'^^i^^^th^ne?"^ Icavc the cotyledons in the ground may 
saiy mineral matter from the usc their CHcrgy in forcing the asconcUng 

stem and leaf cluster through a firmer 
layer of soil. Peas are usually planted much deeper than beans. 
Depth of planting is somewhat in proportion to the size and 
vigor of the seed. T'he charact-er and amount of moisture in the 
soil also help to govern the depth of planting. For any given kind 
of seed, plant deeper in warm weather and in light soils. Plant 
shallower in wet weather and in heavy soils. 




Fia. 2. — A seedling maple 
tree showing the pair of seed- 
leaves (cotyledons) still cling- 
ing. These have furnished 
much of the nourishment for 
the early growth -of the plant. 
When th( 



THE LEAVES 



Green Color. — ^As soon as the plant appears above ground 
light causes it to assume a green color. This is because the proto- 
plasm or life fluid of the plant produces a substance called chloro- 
phyll. Its purpose is to enable the plant to make use of sunlight. 
The higher forms of plants contain chlorophyll, and are able to 
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use carbon dioxide from tbe air because of its presence. Lower 
forms of platats, such as mushrooms and other sapropbytea, as 
well as parasitic ptants, do uot contain chlorophyll. They must 
get their food already prepared for assimilation. 

Starch Fonning. — Plants containing no chlorophyll are unable 
to break up carbon dioxide to form starch for their own nourish- 
ment. Fungi which attack growing plants have no chlorophyll in 
their tissues. They use the starch made by the host plant. The 
formation of starch is perfonned only by plants which contain 
chlorophyll. The starch is manufactured in the presence of sun- 
light from carbon dioxide and water taken into the tissues. 
6 CO, +5H,0 =Caii(,0,+12 

6 Carbon dioxicIe+5 Water=<>Stan:h+12 Oxygen. 

OfiBce of Leaves. — When 
the young plant began its 
growth a store of nourish- 
ment in the seed supplied 
the energy necessary to 
cause the plant to burst the 
seed coats and perhaps to 
sprout above the soil. The 
leaves formed near the sur- 
face of the ground must then 
supply nourishment to tbe 
young plant. From this 
time on the growing plant 
receives a lar^e proportion 
of its nourishment from the 
air through the leaves. There 
are breathing pores in the 
surfaceof the leaves through 
which air may come in con- 
tact with the soft ceils within. 

In the making of starch, 
carbon dioxide is taken in 
through the pores (or sto- 
mat«s) of tbe leaves where 

it comes in contact with FiO- 3— a »IM»lBnced Kquanum. Whan 

water taken up by the young £" oH oi'g™° w°hirh ihJ'irn'ima'iB u», "The""iS- 
plant. Here, through the |Jit'piE^."ihich''bve p^'r^di^iijon^t.'''''''''" '"' 
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influence of sunlight and the work of the cell fluid, called protoplasm, 
if chlorophyll is there, starch will be formed. Ox^'^gen is given off 
in the process of making starch (Fig. 3). Starch is the staple food 
of the plant. Thas the leaves acquire from the air and develop 
much of the substance of which plant tissues are formed. 

Breathing. — ^The work of acquiring the materials and manu- 
facturing starch is related to digestion. Ijcaves also perform a 
function which is related to breathing in animals. The bieathing 
process is carried on through the surface of the leaves both day 
and night. It is exactly analogous to the breathing in animals. 
In this process the plant uses the oxygen from the air and gives 
off carbon dioxide to the air. But in the daytime, when the sun 
is shining, the leaves are carrjdng on the digestive process more 
rapidly than they are breathing. The net result of the two 
lines of work is that the plants really give off more oxygen than 
they take up and they use up more carbon dioxide than they 
exhale. In the dark the starch-forming process ceases, but breath- 
ing continues. Those plants in the house breathe out carbon 
dioxide at night just as people do. 

The object of the breathing in plants is similar to that in 
animals. Because of this work of the leaves they may prop)erly be 
called the * 'lungs" of the plant. 

Leaf Structure. — A fresh green leaf mfCy not be very thick, 
but it is composed of a number of layers of cells. Those in- 
side are very soft with very thin walls. These contain the live 
cell fluid, called protoplasm, in which is the green chlorophj'll. 
Among these soft cells, called parenchyma, there are spaces for 
air (Fig. 4). 

Outside of the soft cells, that is on the upper and lower surface 
of the leaf, there are layers of cells called epidermis, corresponding 
to skin. These epidermal cells do not contain any green coloring 
matter. They are transparent, and the green chlorophyll from 
the inner walls shows through, giving the leaf a green appearance. 
Sunlight shines through the epidermis during the starch-making 
process. 

Stomates. — Numerous small openings are found in the epi- 
dermis of the leaves. In many kinds of leaves they are more 
abundant on the under surface. It is estimated that about 150,000 
to the square inch exist on the under side of an apple leaf. These 
op)enings, called stomates or mouths, are for the; purpose of breath- 
ing and the taking in of carbon dioxide for the making of starch. 
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Guard-cells. — These little openings in the epidermis of the 
leaves are guarded by special cells, called 'guard-cells." They 
differ from the other cells in appearance by being of a different 
shape and containing a little chlorophyll. They are long and 
slender, but curve so that two of them surround each opening. 
The pair may be said to form the lips of the little mouths in the 
leaves. They are sensitive to moisture and heat. They are called 
guard-cells because they control the size of the openings. When 
the weather is favorable they leave the mouths open, but when 
the weather is dry and hot they close the mouths to help prevent 
the evaporation of water from the inner parts of the leaf (Fig. 4,S). 



Leaves in Their Relation to Light. — Probably the chief office 
of the leaves of the plant is to manufacture starch from carbon 
dioxide and water in the presence of sunlight. The leaves on a 
plant are therefore arranged in such a way as to gather as much 
light as possible. Many different plans or devices to accomplish 
this end are found among plants. The leaves of the corn plant 
turn their broad surface toward the light and curve over to catch 
as much as possible. The under leaves of many plants may wither 
and drop off when younger leaves from above have completely 
shaded them. Leaves on vines climbing on a wall often spread out 
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in such a way as to avoid shading each other too much. Thus the 
plant secures all the light possible. Trees in dense woods grow 
tall in search of light. There is little need for them to produce 
side branches, because the sun would not reach them. 

If rows of com or garden crops are planted east and west each 
plant will receive more light during the young growing stage than 
otherwise. Of course if the distance between plants in the rows 
is the same as the distance between rows the direction will make 
no difference. 

THE ROOTS 

Young plants soon after germination produce rootlets at the 
lower end of the hypocotyl. 

Purpose of Roots. — ^Besides holding the plant in place, the 
roots gather moisture and plant food from the soil. Indeed all or 
nearly all of the moisture taken in by plants must enter through 
the roots. The food gathered by the roots must be dissolved in 
the water of the soil. 

The amount of water required by growing plants is difficult to 
comprehend. Many of our field crops may require 500 times as 
much water as dry matter during their growth. Thus a ton of 
mature dry com fodder may have required 500 tons of water from 
the soil where it grew. If this amount of com is grown to maturity 
in 125 days, then four tons of the soil water would be the average 
amount taken in by the ton of com each day. It is for this reason 
that much attention must be given to the matter of soil moisture 
for our growing crops. 

How Water is Acquired by Plants. — ^When the water in the 
soil is distributed in films through the grains, the roots of the plant 
must l^ finely divided and come in close contact with these films 
to obtain the water. The fibrous roots of half-grown plants in 
the garden may reach from one row to the next. Some are at 
considerable depth, and others near the surface. 

Root-hairs. — For the purpose of greater increase in the sur- 
face of fibrous roots, numerous root-hairs are produced on the 
surface, particularly on the younger growth, but not at the 
growing tip. When the root-hairs are examined closely they give 
the appearance of fine white plush, as each is very short and the 
mass is dense and soft. The walls of this fine growth are very 
thin and water can be taken in readily. A study of root-hairs 
can easily be made by germinating pumpkin or other large seeds 
on moist cloth, and allowing the growth to continue for a few days. 
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Osmosis. — Liquids pass through cell walls and other mem- 
branes by a trading process called osmosis. It is a-force or process 
almost as univereal as gravitation itself. Among the cells of all 
living creatures exchange of liquids is taking place by an oemostic 
process. It may be de&ned as an exchange 
of liquids or gases of different density, 
throt^h a membrane. 

Tie a piece of bladder from a butcher 
shop very tightly over the mouth of a fun- 
nel tube (Fig. 5). Fill the funnel either 
before or after with a very strong sugar 
syrup as dense as it can be made when it 
is hot. Then support the funnel as shown 
in the figure in a vessel of water. The liquids 
will immediately begin to exchange places 
through the membrane. The greatest move- 
ment of the liquids is always toward the 
denser. But both liquids will pass through 
the membrane to some extent. There is 
an exchange going on. After a few hours 
some sugar may be proved to be in the outer 
vessel. The rise of liquid in the funnel tube 
will prove that much of the water from the 
outer vessel has gone into the funnel through 
the membrane. If conditions are favorable 
more glass tubes may be fastened with a piece 
of rubber at the the top of the funnel and the 
water will come to a height of several feet. 

It is by this process that water is forced 
through the cells of the plant to the height _^ 

of the leaves. a bUddeV membnins tied 

Exchange at the Root Surface. — Growing Tiw'"lht bind'JSria' tiTd 
plants must have in them sap which ia denser ',ritS''t£Vk''BymX" oih« 
than the moisture found in the films about 'J7j^[^g"'^°iie*x^ihe 
the grains of soil. If the soil water were very ^•"p^ tskM piace tha 
heavily saturated with plant food in solution, many f<^x if it in e.wndeJ 
and if the sap in the roots were not so dense, " """"^ 
the plant would have to give off more water to the soil than it 
would absorb. This would cause the plant to mit. 

This may be illustrated by putting a fresh plant of lettuce 
with its roots and lower part in a glmm containing a dense syrup; 
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wilting will take place in a short time. Compare it with a similar 
plant placed in fresh water at the same time. 

Water must be supplied to the soil to make the density of the 
soil water less than that of the sap in the roots. When conditions 
are thus favorable growth may follow. During the normal process 
the plants give off a very little liquid to the soil in exchange for a 
large quantity of very dilute liquid made up of a large quantity 
of water and a very slight trace of plant food in solution. The 
liquid given off by plants at the roots usually has an acid reaction 
and is sometimes useful in dissolving lime, phosphates and other 
minerals in the soil. It thus becomes changed in its character and 
when diluted may be later taken up by the roots. 

In certain other cases where the soil conditions are unfavor- 
able the liquid thrown out by roots may remain in the soil, and until 
it is changed has a poisonous effect upon the plant. The action 
of air and water during the process of tillage will help to remove 
or change this poisonous substance. This makes the soil again 
suitable for plant growth. 

THE PLANT AND THE SEASONS 

In the temperate climates of the globe the change of season 
during the year is so regular that plant growth has adjusted itself 
to the extremes of winter and summer. In the more northern 
parts of the temperate zone the changes are more pronounced 
than in the extreme south. 

Examples of the preparation for winter are found among all 
plants in the ripening of fruits and seeds in the fall. Woody 
plants and other perennials form buds and some means of protec- 
tion, as the formation of scales, waxy or downy growth, lenticel 
or corky growth on the leaf scars near the buds. 

In early fall while leaves are still upon the trees examine twigs 
of various fruit trees, such as apple, poach, and plum. Study the 
protective coats found on the buds. See if any of the leaves will 
snap off readily, indicating the formation of a natural separation 
from the twig which will leave a leaf scar. If this study is made in 
the winter the protection of the buds may be shown even better 
and leaf scars may show corky growth. The surfaces of young 
twigs will show more protection. The green color is then destroyed 
and breathing pores are filled with corky growth. 

The orchardist understands the need of checking the growth 
of his fruit trees in early fall by the growth of a cover crop to use 
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up the surplus soil moisture. This checking of the growth of 
the trees will allow the plant to better protect itself from winter 
killing. 

Plants store up food for the early spring development. Ex- 
amples of these are found in all seeds and fruits^ in the stems of 
plants and in underground parts. The stored parts of plants may 
form food for animals and man. This is illustrated in beets and 
in other root crops, in com, wheat, oats and other grains. The 
sap from sorghum cane is used for making syrups because of the 
sugar stored there by the plant. 

FIELD AND LABORATORY EXERCISES 

1. Sucar and Starch. — Test the steins of com or sorghum for sugar and 
starch. The same test may be made with twigs and buds of the apple or 
other woodv plants. Starch may be detected by a drop of iodine on the cut 
surface. Tne color will change to blue or purple if starch is present. Sugar 
mav be detected in beets, sorghum stems and other tissues by the use of a 
little copper sulfate solution on the cut surfaces. In a few moments rinse 
this off. Then heat the tissue on a glass slip over a flame after adding a few 
drops of very strong potassium hydroxide. If sugar is present a blue colora- 
tion will graduallv appear in the liquid. 

2. Test for Oil. — ^Examine the seeds of a castor-oil plant, flax, cottonseed, 
soy beans, peanut or others for oil. in soft seeds the presence of the oil may 
be detected by pressing it between two layers of paper or between the fingers. 
If a chemical test is desired use henna root dissolved in alcohol. This solution 
is called alcanin. Drops of oil or fat will be stained red by alcanin. 

3. Examining Starch. — If a high power microscope is available a useful 
study may be made of the different kinds of starch found in seeds. Compare 
the grains of such seeds as rice, wheat and corn with those of the potato tuber. 
Then examine a few samples of flour to see if more than one kind of starch is 
present. It is not an uncommon thing to find some corn starch present in 
wheat flour. What is the probable source of the grains found in launcfry starch? 

4. Moisture and Germination. — Students should carefullv read over 
exercises showing the effect of moisture on germination, warmth influencing 
germination and the necessity -of air in germination. Exercises of this charac- 
ter are outlined in the writer's book on School and Home Gardening. If this 
or similar exercises have not been performed by the students, they should be 
taken up in connection with this cnapter. 

5. Sprouting at Different Depths.— An exercise on depth of planting is 
outlined in "Productive Farming.'' This may be repeated. 

6. The Effect of Sunlight in producing green color in leaves should he 
tried. A simple way to prove the effect of sunlight in producing green color 
is shown by placing a light board over a plot of grass for a few days. Then 
notice the bleached appearance of the grass leaves. 

7. Window Aqiiarium. — In connection with the paragraph on plants, 
the student should start a self-balanced aquarium by putting into a two- 
quart glass jar or gallon jar a little clean sand and gravel. Then a supply of 
water plants from stagnant pools, such as algse, duck weed, Nigella and 
others; then a few water insects and a few minnows, and place the glass jar 
in direct simlight, as in a south window. See description of such an aqua- 
rium in School and Home Gardening (Fig. 3). 
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8. Structure of Leaves. — If compound microscopes are available in the 
school, the students should make cross sections of leai structures and study 
the tissues, stomates and guard cells. 

9. Leaves Seek the Li^t — Have some house plants growing in the window 
and note the leaves turn toward the sunh^ht. Turn the plants around half 
way, and note the length of the time reqmred to change the direction of the 
leaves toward the light again. 

10. Root Hairs. — ^Plant com, beans and other large seeds in bottles of 
sand or soil. Wrap each bottle with black paper, or otherwise shut out the 
light. After the roots are well formed, remove the covering and study the 
root hairs and root systems which can be seen through the glass bottles. Of 
what use is the black paper? 

11. Osmosis Through Egg Membrane. — In addition to the exercise sug- 
gested to show osmosis with a piece of bladder over a funnel tube, try also 
the exercise describing osmosis with an egg detailed in Productive Farming. 

QUESTIONS 

1. Give the conditions for germination of plants. 

2. How are each of these conditions provided in out-door germination? 

3. Give some cases of difference in depth of planting seeds. 

4. Of what value is the green color in leaves? 

5. What important product is manufactured in leaves exposed to sunlight? 

6. Describe the breathing of plants, and give the leaf structure which pro- 

vides for this. 

7. Give some examples you have observed of the struggle of leaves to get 

sufficient light. 

8. Enumerate the purposes of roots. 

9. Describe the structure and state the use of root hairs. 

10. Define osmosis and state its relation to plant life. 

11. Describe an experiment by which osmotic action is demonstrated. 

12. In what ways do woody plants prepare for winter? How do others pre- 

pare for winter? 
References. — U. S. Farmers' Bulletins: 157, ''The Propagation of 
Plants; 586, Collection and Preservation of Plant Material for Use in the 
Study of Agriculture. 



CHAPTER ir 

FLOWERS.— SEED PRODUCTION 

TFie soil receives in its bosom the seed scattered broodcaHt upon it, softened 
and broken up; she ^rst keeps it concealed therein; next, when it has been 
wanned by the heat and by close pressure, she splits it open and draws from 
it the greenery of the blade .^Cicero. 

Nearlt all plants used by man for fann and garden crops 
produce flowers and seeds. The sole purpose of the flowers of 
plants is to produce seeds. 

The Flower. — A perfect fJower contains the essential organs 
necessary for the production of seeds. These are the stamens, 



bearing pollen, and one or more pistils bearing ovules which may 
develop into seeds (Fig. 6). Other organs are sometimes present 
in the flower. These consist of petals and sopflis sometimes called 
the floral envelope. The purpose of the floral envelope may be 
to protect the flower from cold in the early stages of its opening. 
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to attract insects by the color and peiiiaps to form a case for 

■nectar, which will reward insects for their visits. 

If the flower does not contain both of the essential organs — 

stamens and pistils — it is called an imperfect flower (Fig. 7). 

In such cases the other set of organs is found in other flowers on 
the same plant as in 
com, or on other indi- 
vidual plants, as in pop- 
lars. Monecious plants, 
as com, are those in 
which the staminate 
flowers and pistillate 
flowers are both on the 
same plant. Diecious 
plants are those in 
which the staminate 
and the pistlllateflowers 
are on different plants, 
as in the cottonwood 
and poplar trees. 

Flowers may be 
borne singly as in case 
of the poppy (Fig. 6), 
in heads as in the sun- 
flower (Figs. 8 and 12), 
in spikes (Fig. 11) and 
in many other forms of 
clusters. 

Pollination. — In per- 
fect flowers the pollen 
found in the stamens 

FiQ. T.-E.r ol com in IM dlk .nd ««ly to b. ™*y *«" directly Upon 

nwuViv^FlVliTc?™")^'''"''"''" '*"■*'' "'^"^^^ grains may then de- 
'"'"' velop a long, thread- 

like growth which reaches the ovules within the base of the pistil. 
When the pollen growth reaches the ovule a fusion of the two 
takes place. This may be termed the fertilization of the ovules. 
Seed cannot properly develop until such fertilization takes place. 
Flowers which pollinize their own pistils are probably not so 
common among the cultivated plants as in wild ones. Self-pollin- 
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ating b impossible among plants which have imperfect flowers. 
Other conditions or structures may make cross-pollinating neces- 
sary (Fig. 9). Self-poliinatioa is sometimes compulsory, as in 
hidden flowers of the violets, blossoming under ground (Fig. 10). 
Cross-Pollinating. — Any plan or structure which requires that 
the pollen be carried from one flower to another will enforce cross- 
pollination. Cert^ perfect flowers may have their pistils and 
stamens mature at different times. If the pollen is not "ripe" or 
ready to be distributed at the time the pistil is ready to receive 
Lhe pollen, then pollen must come, if at all, from some other 
flower where it is more mature. Again, if the pollen is ripe before 



or after the pistil in that flower, then the pollen can be useful only 
in some other flower where the pistils are in the right condition. 

The structure may also be an important factor in causing 
cross-pollloation. In drooping (lowers the pistils may be shorter 
than the stamens so that the pollen will fall away from, instead of 
toward, the pistil. In cri!ct flowers the pistil may tx) longer than 
the stametLi so that the pollen cannot fall directly upon the stigma 
or receiving surface of the pistil. 

In certriiin varieties of fruits, an in the apple, it has been found 
that perfect flowers may be self-sterilc. The pollen falling upon 
the pistil of the same flower will not grow so well as pollen received 
on the same stigma surface from other varieties of apples. It b 
for this reason that two or more varieties of apples are frequently 
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planted near tc^ether in the aame orchard. The same is some- 
times true in such other fruits as pears, pluma, peaches and straw- 
berries. 

Wind Pollinating. — Usually pollen is carried either by wind 

or by insects. Flowers in which the wind is ths chief force to aid 

in cross-polienating have certain characteristics. Usually the 

pollen is light and dry. The flowers themselves are inconspicuous 

as to color, but may be placed where the wind can easily strike 

them. There is no odor or 

nectar present. Examples of 

■ the class are com, grasses and 

grains. 

Insect Pollinating. — Many 
of our cultivated plants are 
dependent upon the work of 
insects in transporting the 
pollen from one flower or plant 
to another. Bees, flies and 
other insects aid greatly in this 
work. Flowers which are de- 
pendent upon insects to carrj- 
.■ .| ^ the pollen have some or all of 

** J the following characteristics: 

V (a) Sticky, heavy pollen, (h) 

; 4 Showy flowers, (c) Fragrance 

, andnectar (Fig. 11), (d) Some- 
- ■ times special structures to ac- 

.; ji _ commodate the insects. An ex- 

.-■ .-sit - ample of the special structure 

Fio. ii.—Lnrkspur flowcn b«ir nei^tnr is found in swcet pea blossoms. 
I«tw7rlt^pjnon'from floi^i^fl^ier, -nd When thc inscct alights upon 
.i«y .™ '.r^iHPoiimswd." (II. 8. DA.) the Hmb of the flowcr the pol- 
len is brushed from the coat of the insect by the stigma surface. 
As the insect leaves the flower other pollen is scattered by the 
stamens upon the coiit of the insect to be carried to other flowers 
(Fig. 12). 

Growth of Seeds. — After pollination takes place the ovules 
usually develop rapidly and mature s«kx1 may lie formed in a 
very short time. The period elapsing from the time the timothy 
field is in blosson until the seed is ripe is only a few weeks. This 
is noticeable also in wheat and other small grains. During this 
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Fro. 13.— When the piMil of the peanut Fio. It.— Bue of peanut plutiabowiBKindi, 
ia«m recnve* ile pallen lis *teia gKBtly rooU Bad uoduWa. (U. 6. D. A.) 

.namiag dowAWbrd athI piishes the eod iDto 
Here the pod davelapa iaVt tba 



the Bail. Here the pod davek 
nutun peanut. (U. S. D. A.) 
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development much of the nourishmont of the plant is taken to the 
seeds by the process of circulation through the stems. Note the 
peculiar action in the case of the peanut (Figs. 13 and 14). 

This is a very critical i>eriod in the life of the plant or crop. 
The mobture conditions must be as nearly perfect as possible. 
The yield of the crop of seed, as of wheat, is largely dependent 
upon the development during ■ this period. If conditions are 




i™M. ^r^.T"D"A.) 



unfavoniblo the mature seed may tx; shriveled and poor and the 
resulting crop be very light. 

Purpose of Seeds. — In nature seeds are formed for the purpose 
of reproducing the species at a later time and in other places. 
Distribution is accomplished largely through «H(ds (Fig. 15). 
Annual plants live through \vinter in the form of st'ed-s only. 

The length of time which seeds may live is dependent upon 
several things: (1) The nature of the storage matter in the seed. 
If much oil is present the seeds may be less subject to weather 
conditions because they do not absorb moisture readily. (2) The 
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seeii coat or the seed case may bo resistant to moisture. (3) The 
place of storage of seed if very dry or very cold may hold the life 
of the seed much longer. Grains sowed in very dry soil in an arid 
region may live for several months without germinating. When 
the next rain comes germination may follow quickly. Stories 
are often told of seed being found in cases with Egyptian mummies, 
which would germinate after many centuries. These stories are 
not duly authenticated, but such conditions would be very favor- 
able because of the absence of moisture. 

FIELD AND LABORATORY EXERCISES 

1. Study the flowers of different plants, and find some provided with 
pistils, some with stamens and others with both or^ns. 

2. Determine what the effect would be of havmg only pistillate plants in 
a strawberry bed. 

3. Study pollen of various flowers. This may be done with or without a 
eompK)und microscope. Decide whether the supply of pollen is abundant or 
scarce with various cultivated plants that may he available. Determine 
what flowers have light, dry pollen, which could be scattered by the wind, 
and what ones have waxy or sticky pollen which would be carried chiefly 
by insects. 

4. From Pistil to Seed. — If possible, examine a certain kind of plant, tor 
example, peas or beans, in the different stages of development of the seeds 
(Fies. 13, 14 and 15). Begin with the first pollination and early development 
of tne embryonic seeds, and trace them toward maturity. 

5. Parts of Seeds. — Study the parts of mature seeds, including those with 
two seed leaves, as the bean, and including those of the monocotyledonous 
type, as com. The seeds are more easily examined if they have been soaked 
a lew hours in advance. 

QUESTIONS 

1. What are the organs of a flower essential for the production of seed? 

2. Of what use is the floral envelope? 

3. How may imperfect flowers produce seed? 

4. Describe the pollination and fertilization of a perfect flower. Of the com 

plant. Of a pistillate strawberry. 

5. VVhat are the characteristics of wind-pollinated flowers? 

6. Give the characteristics of flowers pollinated^ by means of insects. 

7. Mention the conditions which influence the lon^vity of seeds. 

References. — United States Farmers' Bulletni 195, Annual Flowering 
Plants. Cornell Bulletins: 320 and 342, Sweet Pea Studies, III and IV. 



CHAPTER III 
PRINCIPLES OF PLANT BREEDING 

The vast possibilities of plant breeding can hardly be estimated . . . 
They are not for one year nor for our own time and race, but they are benefi- 
cent legacies for every man, woman, or child who shall ever inhabit the earth. 

— Luther Burbank. 

Breeding of cultivated plants or domestic animals is their 
systematic raising or reproduction under the direction of the 
expert for the purpose of securing improved forms. The object 
may be to increase the profits or merely for scientific experiment. 
When desirable traits or characters are noticeable in certain 
individuals or types, a trial may be made to determine whether 
or not those points will be reproduced or perhaps intensified in 
the offspring. 

Heredity. — ^This is one of the laws of nature which governs 
the work in scientific breeding. The law of heredity is that all 
plantiS and animals inherit from their ancestors certain charac- 
teristics, forms, qualities, etc. **Like produces like," or ^'similar 
produces similar," are true of both plants and animals. The 
undesirable characteristics are just as certain to be transmitted 
as the more desirable ones. The law is not absolute. It is subject 
to some variation due to environment or other causes. 

Variation. — There is a natural tendency in nature for all 
creatures to differ from each other and from their parents. It 
may almost be said that no two trees in a nursery row are exactly 
alike, or that no two plants in a bed of seedlings are alike (Fig. 
16). This tendency of varying from each other and from their 
parents is even more noticeable among animals. It allows the 
scientific breeder to select the desired types and produce from 
them, in time, those valuable for special purposes. 

Mutation or extreme sudden variations from the type are 
sometimes noticeable. These may be called **sports. '' It is 
believed by some scientists, De Vries and others, that the extreme 
characteristics of mutation or sports may be transmitted to suc- 
ceeding generations. Others believe that plants do not have the 
power to transmit these. It is certain that the offspring often 
revert to the original type. The breeders of plants and animals 
22 



24 PRINCIPLES OF PLANT BREEDING 

often try to make use of such sports in the establishment of new 
types better suited to the uses of man, and perhaps better suited 
to the environment. The object of using such sports, when it is 
found possible to do so, is that much time is gained in establishing 
new types. Certain it is that successful results have been attained 
through their use, in breeding both animals and plants. 

Reversion. — ^This is the tendency found among both plants 
and animals for the offspring to exhibit characteristics of different 
ancestors which the more immediate ancestors did not show. The 
tendency to reversion is usually detrimental to the progress of 
the work of the scientific breeder. It brings results contrary to 
his expectation and perhaps contrary to his ideals. 

Environment. — ^The principle of selection is the one most 
commonly used by the scientific breeder. It is believed by many 
scientific breeders that environment or surroundings of the indi- 
vidual, is a vital cause of variation. There is no doubt that en- 
vironment has a vital influence upon the results obtained from 
the growth of certain farm crops or certain domestic animals. 
Seeds that are of the same origin, planted on different farms, may 
produce very different yields. Just as fertilizer and tillage may 
influence the development of a crop, so may feed and other en- 
vironment influence the development of animals. A litter of pigs 
if di^dded into equal lots at weaning time may show variations in 
their growth during the next few months, due to difference in 
feed or other conditions. Differences would likewise be noticed 
if we plant all the beans borne by one bean-stalk. 

To what extent these differences, due to environment, will be 
inherited by the offspring is a matter of contention among scien- 
tists. Most modem breeders act upon the principle that extremes 
of variation, due to environment, do influence the offspring to 
some extent. 

Prepotency. — The power of individual animals or plants to 
impress certain characteristics upon their offspring is called pre- 
potency. Use is made of this in scientific breeding. Characters 
thus fixed may be spoken of as dominant characters. But pre- 
potency means more than dominance of character, for certain 
individuals have the power of fixing many of their characteristics 
upon their offspring. 

Selection. — The breeder of plants or animals must carefully 
practice selection; indeed his greatest skill must be exercised along 
this line (Fig. 17). After the several lines of variation in any type 
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have been discovered it is necessary that he should make a wise 
selection among them to attain the results desired. 

In nature selection is going on constantly, but less carefully. 
The stru^le for existence in a dense bed of seedlings of field 
plants causes some natural pelection. The most thrifty individuals 
will reach light and air above the others and soon dwarf or kill 
the weaker. In an arid region a thorny cactus has prevailed over 
the spineless kinds because animals do not molest the former. 
Volumes are filled with such examples of natural selection. 

Selection by man is more rapid than in nature. It is an im- 



Fia. 17.— Veielable triaJ icouadi. Pulamiu: rivet flau near Wubineton. VulMia 
■nd DEir straina are hen (estcd by the United States DeparlmcDt at AKriculture. Maoy 
larce Bead compuiiu teat osv varieticB □! vegetables nd Bawen in this way. (U. S. D. A.) 

provement upon nature by the application of the intellect of man 
to natural laws. Certain valuable results may be attained within 
a few generations which might require centuries if left to nature 
(Fig. 18). Under natural conditions certain valuable types might 
be entirely submei^ed, but imder the guidance of the breeder they 
may be protected and established as fixed types. 

To be successful through the medium of selection the breeder 
of plants or animals should keep in mind the following elements: 
(1) He should keep his ideals or amis clearly in mind. (2) He 
should know the laws of nature governing variation. (3) He 
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should be familiar with the pedigree or history of the types be ia 
using. (4) He may have occasion to depart from the fixed rules 
or principles of breeding and should then be wise in his judgment. 
(5) It is usually best that he should keep in mind the economic 
aspect of the results. 

Adaptation to Surroundings. ^ — The student will understand 
that natural conditions are thi^ most important influence.'* involved 



Fia, 18. — Breeding plants to reidiit root dieeue. Diseued sod Knstant tobacco pLuit* in 
field under clolb. (U. S. D. A.) 

in variation and seli^ction, whether selection bo by nature or by 
man. De Candolle studied the influences of climate upon plants 
and reached conclusions which are very valuable in agricultural 
practice. Plants suited to a moist climate are usually not thrifty 
in an aritl region. Com grown in a warm climate, as in Mexico, 
will not mature its seed in a region several hundred miles farther 
north. The orchardist well knows that he must select the varieties 
of apples, peaches, plums or other fruits which are adapted to bis 
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climate. Seedsmen may find it necessary when securing enough 
seeds to supply the demand to buy many lots grown in very 
different climates. The purehasers may act know where the 
seeds were grown. The results are often disastrous. Examples 
of this are common among garden seeds. It is also true of several 
field crops, such as alfalfa, cow peas, Canada peas, corn, special 
varieties of wheat and others. Dealers should keep records of 



Pis. is.— The motlern rhrywDthomum is ■ triumph in pisnt biv»linii~lhc blendini of 
IwodiatiurlipeEMni, bothrcwmblinEtbaoDUDion tiroiEycduisy. (U.S. D. A.) 

where seeds are grown. The purchaser ."should know the source 
of the seed before using it. Adaptation to surroundings not only 
refers to climate but also to the character of soil, fertility, season 
of growth, tillage and other environment. The gardener who saves 
Heeds from bis own garden has all of these elements within his 
own control. 

Cros^ng. — This is the result of breeding two fixwl tyi)es of 
plants or two pure bred animals of different breeds. The Light 
Brahma may be crossed with the Black Langshan or the Plymouth 
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Rock with the hope of securing a type suited to some particular 
purpose which the breeder haa in view, aa a strain particularly 
suited to a special meat market. Pop com will cross with sweet 
com; a white variety of com may be crossed with a yellow variety. 
The offspring from such crossing may be called kjfinida. 

The effect of crossing extreme types, as when the oxeye 
daisy is crossed with a chrysanthemum with very different charac- 
teristics, is to cause extreme variations in the offspring and future 
generations. The parental types are said to be broken. When 
extreme variations are thus starto<l the breeder is able to make 
selections which may more nearly suit the ideals for which he is 



Fio. 21.— Methods of wheat bnedinc. The ■timens musl bs reniond belore niluril 

Eeldrf'xlwiit with sbagandlsbcli™ 'ciT's. D. a') "^ ' "*" ^ "" " 

striving. It waa in this way that the modem chrysanthemum 
was produced (Fig. 19). 

The crossing maybe witiiin closer relationship and may have as 
it« purpose the blending of characteristics of the parents, and an 
effort to establish or fix one charact«ristic and cau.se others to depart. 

Aitifici^ Pollinating. — .\inong plants, crossing is accomplished 
through artificial pollinating of the flowers. The pollen from one 
parent may be placed upon the stigma surface of the pistil in the 
other with successful results. This is done by careful hand manipu- 
lation. The stamens must be removed to prevent other pollen 
from reaching the pistil (Fig. 20). Then the flower must be pro- 
tected until the stamen surface is mature enough to receive pollen. 
Then pollen from the desired fmrent may l)e brought by means of 
a very fine, soft brush, or feather, and carefully dusted upon the 
stigma surface. Again this flower must Ix; covered to keep away 
all other pollen. 
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Stamens from the flower to be worked upon may be removed 
with a pair of fine pointed scissors (i^lg. 21), Care must be exer- 
cised to not injure the pistil. This work must be done before the 
pistil is ready to receive the pollen. 

Such flowers may be protected from receiving outside pollen 
by tying a paper b^ over the stem supporting the blossom 
(Fig. 22). Natural development will take place within the tiaper 



Fm. 22.— Tofcucoo Esid Bhowiog bagged pluDta in seed biccdinc plote. (U. S, D. A.) 

bag. After the pollen growth has reached the ovules in the pbtil 
there is no longer any danger of outside pollination. Then the 
bag may be removed. 

During the cross-pollinating of flowers it is necessary to place 
labels on the stems. This should indicate both the staminate and 
pistillate parents. Ilecords should also bo kept of all such cross- 
ing. Numbere or letters may be used to designate the different 
parents. These are often written above and below a horizontal 
line, the staminate number being above the line and the pistillate 
below, thus; 

The study of flowei-s and their cross-polHnation may Ix^ carried 

on during the winter by placing several branches from fruit trees 

a jar of water in a warm room for several days before the study 

made. If the conditions l)e favorable the blossoms will develop 

in a week or two. Ix't the several steps mentioned in the above 

paragraph be tried on the.se flowers. 

Testing for Purity of Type. — When a new strain of plants or 
animals has been formed, through crossing or otherwise, the 
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breeder may not know whether the characteristics found in this 
strain are pennanent or not. If the type be pure the characteris- 
tics will be perpetuated in future generations; but if it is a mixed 
type the succeeding generations will be variable. It is always 
necessary for him to establish the purity by actual trial through 
one or more generations. 

Mendel's Law of Heredity. —When the minute growth of 
pollen unites with the ovule in the pistil a union is formed which 
develops into a new individual. This seed will produce a plant 
with certain characteristics. If the pollen is from a yellow variety 
of corn and the pistil is on a white variety, the seed produced will 
be either yellow or white, not both colors. The com grown from 
this seed, if no other crossing be allowed, will be one-fourth pure 
white, one-fourth pure yellow, and two-fourths (one-half) will 
appear as yellow but will produce both white and yellow offspring 
in the next generation. The proportion in the first generation is 
3^-hKYW-hMW (if Y=yellow and \V = white). 

In the following generations the one-fourth pure yellow will 
produce yellow without mixture; the pure white will produce pure 
white without mixture, but the mixed (or hybrid) two-fourths 
will prbduce either yellow or white com in the same proportions 
as before, breaking up in each generation, thus: 



Fint 
Qeneration 



Y(hybrid) 



Second 
Generation 

fl/4Y (pure) 



2/4 Y (hybrid) 



Third 
Generation 

Y (pure) 
fl/4 Y (pure) 



Fourth 
Generation 

Y (pure) 

Y (pure) 
fl/4 Y (pure) 



2/4 Y (hybrid) - 



1/4 W (pure) 
W (pure) 



Fifth 
Generation 

Y (pure) 

Y (pure) 

Y (pure) 
fl/4 Y (pure) 

fh 



2/4 Y (hybrid) 2/4 Y (hybrid) 

il/4W(pure) 

[1/4 W (pure) W (pure) 

W (pure) W (pure) 

W (pure) W (pure) 



ll/4 W (pure) 

The net results, expressed in fractions of the first hybrids, 
would be in the three generations: 

3/8 Y (pure) + 2/8 Y (hybrids) + 3/8 W (pure). 
The law which covers these results, when individuals with 

« 

such different characters are crossed, was first discovered by the 
Abbot of Bunn, named G. J. Mendel, who published his result 
prior to 1865. Similar results have been attained by other experi- 
menters in recent years. Mendel experimented with garden peaa 
and contrasted them in such characters as color of blossom, 
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length of stem and wrinkled or smooth seed. In nearly all cases 
where large numbers of individuals are used in the experiments 
results similar to those experienced in the formulas are obtained. 

In such experiments it is necessary to consider unit characters 
only in contrast with each other. When two characters are con- 
trasted one may prevail over the other and is then said to be a 
dominant character, and the other over which it prevails is a 
recessive character. White color in any blossom or plant, as in 
white com, is recessive in contrast with any other color. A light 
color is recessive in contrast with a dark color. Mendel found that 
in peas round seed was a dominant character and wrinkled seed a 
recessive character. In wheat the beardless character is dominant 
over bearded heads. In cotton the long staple is dominant over 
short staple. 

If D represents the dominant character and R the recessive, 
the result in the first generations after the cross would be expressed 
thus: }4T>+^iDR-rHR. The breaking up of the hybrids in 
succeeding generations would follow the formulas given in the table. 

Pedigrees are records of lineage or ancestry. It has been very 
common to keep such record for pure-bred animals. As scientific 
breeding of plants becomes more common it becomes necessary 
to keep their records in pedigree form. * Tedigree corn " or ' 'pedi- 
gree wheat" are strains having a recorded history or ancestry. 
The terms are sometimes used for farm seeds wlien the record Is 
very incomplete so far as individuals in the lineage are concerned. 

It must be remembered that a pedigree is no guarantee of 
quality; but that will depend upon the value of the individuals 
in the lineage. Stock breeders' associations are formed for each 
breed of animals for the purpose of keeping such records. They 
establish and maintain certain rules governing the records. 

Animals' pedigrees are much more exact than those of plants. 
This is because the breeder learns to know the individuals better, 
the numbers are fewer, and the cost for the raising of each indi- 
vidual to maturity is greater. The action of wind and insects in 
the pollination of plants is difficult to control. Whenever a good 
strain of plants is established it can be named and this name may 
be the only record necessary. Such is the case with plants that are 
readily propagated by grafts, buds, cuttings or other asexual 
means. The type once fixed may never have the danger of being 
mixed with other strains, as might 1x3 the case if seeds were used. 
The Grimes Golden apple, for example, was estabhshed by chance. 
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No record of its history is known. The individual tree producing 
the desired fruit was named. From this grafts and buds have been 
its only means of propagation. The same is true of many other 
fruits and vegetables. 

FIELD AND LABORATORY EXERCISES 

1. Effects of Enviroiuneiit — Bring to the laboratory weeds or other plants 
that have been growing in dense clusters, and. to compare with these, the 
same kinds of plants grown in open spaces. What differences are noticeable? 
What is the influence of the environment shown here? Why do trees grow tall? 

2. Take two boxes of growing corn, each a few inches high, that have 
grown under the same conditions of environment. Place one ot these in a 
warm room in a light window. Place the other in a cool room with less light. 
Note the difference in growth during the next week. Let all conditions of 
moisture, air and plant food be maintained as before. What influences of 
environment are here shown? 

3. The value of selection may be studied in a group of tomato plants, 
some of which are affected with bhght. Select plants which seem to be strong 
and vigorous in spite of the presence of the disease. If tomato plants are not 
available for this, use alfalfa or any other plants where a disease exists. 

4. Variations among plants should be examined, and a full list of their 
variations may be made. Why are some taller than others? Why do some 
have small and others slender stems? Why are some darker in color than 
others? Why are some more leafy than others? Would it be possible to 
establish an ideal for the kind of plants you are studying and select those 
which most nearly approach that ideal? 

5. Each student should determine, if possible, five or more examples of 
adaptation to surroundings amone plants which he may observe in window 
boxes, murdens, along roads or on larms. 

6. Hybridizinc.-^tudents will understand the possibility of hybridizing 
much better if they practice cross-pollinating among a number of flowers. 
Let the pollen from red com be placed on the silks of white com. Or any 
other similar plants or crops may \ye used in the exercise. 

7. Testing Mendel's Law. — A good home project would be to take some 
one line of plants, as white or yellow corn and test so far as {mssible the work- 
ing of Mendel's law. This can \>e carried at least to the second generation. 

QUESTIONS 

1. Define and illustrate what is meant by heredity in plant breeding. 

2. Of what value is variation to one who is trying to improve a certain type 

of plant? 

3. What is the meaning of mutation? Give examples of this. 

4. Define and illustrate reversion. 

5. Illustrate what we mean by the environment of plants. 

6. Explain how variation and selection are u.sed together in the improvement 

of plants. 

7. Give the elements which a plant breeder must always keep in mind. 

8. Define and illustrate the term "cross" among plants. 

9. Describe one method of artificial pollination and state its use. 

10. On the blackboard, or on a sheet of paper, give a bracket outUne of 

results of crossing according to Mendel's law. 

11. What are pedigrees? What is meant by pedigreed corn? 
Reference. — Cornell Reading-Courses No. 38, Princ^iples and Methods 

of Plant Breeding. 
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CHAPTER IV 
APPLICATION OF PRINCIPLES TO FARM CROPS 

Still will the seeds, though chosen with toilsome pains, 
Degenerate, if man's inoustrious hand ' 

Cufi not each year the largest and the best. — ^Vergil. 

The principles of breeding have onl}'^ recently been applied to 
field crops. »Some more or less careful selection has been exercised 
for many years. Man has searched the world over for natural 
varieties and strains, but in many cases has failed to keep them 
pure or to improve them by continued selection. Crossing, break- 
ing the types and establishing new varieties is now much more 
common among scientific breeders of plants. The New York 
College of Agriculture is establishing a new strain of timothy. 
The Minnesota Station and the Kansas Station have established 
new and valuable strains of wheat. Many scientific breeders have 
worked upon com. It is an easy subject to work upon, and gives 
striking results. Cotton and tobacco have been improved and 
valuable varieties of each established by the work of several 
southern states. Experiment stations have done much to improve 
the yield and quality of Irish potatoes (Figs. 23 and 24). Sugar 
beets were greatly improved by careful selection during the Napo- 
leonic wars. Prizes were offered by Napoleon for any variety yield- 
ing a high percentage content of sugar. Commercial plant breeding 
is successfully conducted on seed farms in America and in Europe. 

Self-Pollhiated Plants. — The methods employed in the im- 
provement of wheat, oats and other self-pollinated plants are very 
different from those used where the pollen may be carried from one 
plant to another. The chief work in the breeding of wheat or 
oats is to study the yield of individual plants. The seed from 
different plants is kept intact by covering the heads with cloth, 
as shown in figure 25. This keeps the birds away and prevents 
the shelling of the seed. The plants yielding the most and best 
seed are kept separate from the others. The seed may be planted 
in separate rows or plots without danger of mixing with the others. 
The yield of individual plants or rows is again recorded. By such 
careful selection the improvement may go on for many generations 
(see Fig. 26). 
34 
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Cross-Pollinated 

PlaDts.— The problem of 
improving plants belong- 
ing to this group is much 
more difficult. There is 
always the danger that 
they will be mixed with 
other seeds or indi\'idual9 
through the distribution 
of pollen by wind and 
insects. Com, cotton, 
timothy and rye are im- 
portant farm crops be- 
longing to this group. 
Little can be done by the 
triiU pSoi^'^y\\V^'^"&e^"sJi'°h7'Juntd^» Ordinary fanner in im- 
Dot crMfrpoiiinsic. bui ito ripcoinB wwJ muBi tw proving such crops. The 

k«pt from ihBHenng snd nl.o prottcletl from apui- ' , , , , j ^. 

rown by tyina the hrnciB as .h..*n, Ai-cuinte ItetB carCIUl breeder dCVOtmg 
are t En penH e inneito a n ion ^^ entire time tO the 

work may succectl in establishing Improved varieties. 

Note the great effect of extreme cros.s(;3 as shown in figure 27. 

Com Breeding. — The com plant bears the pollen in the tassel 
and the pistib are located on the young ear. The ovule is attached 
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to the center, which becomes the cob. Each ovule has its own 
Mlk (Rg. 6). In other words, each grain of com has its own silk 
extending to the upper end of the ear, where it may be readily 
pollinated by the action of the wind. Examples are often found 
in ears in which a number of the kernels did not develop. This 
may have been due to the silks being eaten off by inlets, or 
because pollen failed to grow on the stigma surface of the silk 
(F«. 8). 

There are several methods by which the corn grower can 
improve his variety of com without great difficulty. 



Fid. 27.— W his 




1, Go through the windward or wcHterly side of the field just 
before the pollen begins to scatter and cut off the tassels from 
every stalk which does not promise a thrifty growth and a goo(i 
ear. The tassels may be thrown ujion the ground or used for feed. 
By this method the poorest stalks in the field will not Ijecome the 
parents of the seed com for future crops. 

2. Just before the pollen scatters cut all the tassels from 
every alternate row. This is to enforce cros.s-poIlinating to sotne 
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extent. The seed com should be selected from the rows which 
were dctasscled. This seed com will have received its pollra from 
other plants and not from itself. 

3. Select seed com before the main crop is harvested. This 



Pis. 29.^Prise-wiDniiig vhits dsDl corn of the Joha»D county variety. Study tlw di4- 
tormily of the G»™. (U. 3. D, A.) 

should be done in the field after the com is reasonably mature. 
Select the ears which are drooping and othorwi.se show maturity. 
Take ears only from stalks showing a hiiavy yield. Attention 
may also l)e given to all of the good points of the ears and the 
kernels mentioned in the score card. (Compare figures 28 and 29. 
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4. Select plenty of seed com so that future sorting may be 
done after a more careful study of such characters as depth of 
kernel, size of cob and others which indicate heavy yield. 

5. Ears from heavy yielding stalks should be especially marked. 
These may be planted in separate rows and the hill-row method 
of improvement followed if desired. More careful breeders will 
follow such a method. Yields from the separate rows are recorded 
and the best ears of the best rows are again saved for future seed 
com. 

6. Individual ears should always be tested for germinating 
power before planting time. (See Productive Farming, Com 
Chapter.) By this process the strains of com with weakest 
gprm are eliminated. 

Cotton. — It is more difficult to improve cotton by preventing 
cross-pollination. The pistils and stamens are borne in the same 
flowers. The work consist^s chiefly of selection. There are a number 
of points to be considered in the selection of cotton. The plant 
should have good shape with rather short nodes, and an abundant 
supply of blossoms and bolls. The crop should mature somewhat 
uniformly and with the proper consideration of earliness. There 
should be a large number of bolls of desired size. Select plants 
which show resistance to cotton diseases, wilt, rust and rot. 
Plants vary in the storm resistance of the bolls. The selection 
should be done with a view to increasing the length of the lint, 
and make it more uniform, as well as to increase its yield and 
earliness. 

Selection of cotton seed may be done at either the first or 
second picking. A skilled workman should first go through the 
field and pick the seed from the best plants. At the cotton gin is 
a poor place to select cotton seed. Much of the seed obtained at 
such a place may be light or inmiature or from \ery poor plants. 
After carefully selecting cotton seed in the field the grower should 
have a separate field in which to grow it. From this future selec- 
tions may be made, and thus the yield and quality may be in- 
creased annually. The grower who establishes a '*seed patch" 
and yearly selects the best from the best in that seed patch is on 
the right road to improvement of his crop. After the first year 
or two the whole farm will show marked improvement in the 
yield of cotton. 

Tobacco is usually cross-pollinated, but may be self-pollinated. 
Self-pollination may be enforced by covering the center cluster 
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of flower buds with 
paper bags. Seed thus 
formed will produce 
plants which are more 
vigorous and product- 
ive, aod are also more 
uniform. Much atten- 
tion should be pven 
to the improvement of 
varieties by selection, 
for example, if a cer- 
tain variety is used aa 
cigar wrapper the 

Fio. 30.— V«ri»lioii in the ■»! o( lienl. ol Umolhy. qualities deslrpd foF 

(Coraell.) 7 , 

that purpose will serve 
as a guide in selectinK the plants from which bo save the seed. 
Oats. — .\3 the flowers of this plant are self-pollinated there 
Is no danger of poor varieties mixing with better ones. .Improve- 
ment is therefore easily canied on. Save the best heads showing 
greatest yield. In certain varieties It Is well to eliminate the 
beards by selection. Uniformity in height and size of heads, 
plumpness of grain, ability to harvest without shattering are all 
desirable characters. Much can 
be done to prevent disease by 
selecting seed from plants which 
resist the attacks of smut and 
rust. 

Timothy.— Under careful se- 
lection timothy will show wide 
differences in the length and 
diameter of heads, the quan- 
tity of seed produced, the height 
and leafineas of the growth, and 
the number of stalks from a 
single root. In improving the 
strains the seed from individual 
heads may l>e kept .separate and 
planted in separate rows or 
clumps, where the plants will not 
be pollinated by Inferior strains, 

rnu 1 .!_ f ■ J- . .!_ . Fio 31.— V.fi.lion in thiekwM ol hmd* of 

The work thus far mdicates that timotbr. (Conwu.) 
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str^ns mucb superior to those in common use will be established. 
The natural variations in timothy are shown in figures 30, 31 and 32. 

PotRtoes. — The hill-row method of improving the quality and 
yields of potatoes is very successful. Record is kept of heavy- 
yielding hills (Bigs. 23 and 24). Yields are alwj kept separate and 
planted in individual rows or sections of row?, each being properly 
labeled by stakes. Records are kept of the j'ields of each and the 
best are agmn selected. Those which prove most inferior are 
eliminated. Marked differc""™ *•*""' *^^" 
found. 

New varieties of potatoe 
through the use of seeds whic 
seed-balls (Fig. 33)', but this si 
monly practiced. Improvemt 
yield by selection of tubers gi 
suits. Variations in seedling 
by comparing figures 34 and 

Sweet Potatoes.- -The 
work of improving sweet 
potatoes is similar to that 
with white potatoes. They 
are both chiefly propagated 
by asexual methods. In both 
attention may be given to 
disease resistant qualities of 
the ■vines and tubers. Size 
of the tubers, neither too 
large nor too small, should 
be considered in both of 
these crops. 

Sugar Cane. — The Ix>uisi- p,,, 32._v>[l>tlDD in l»ngtb of IibhIb of timo- 

ana Sugar Station ha.s con- *''>' "^"""i 

ducted a series of experiments in the improvement of sugar cane. 
As the crop is. usually grown by planting thp buds or joints, and not 
by planting the seeds, the work is chiefly that of selection. Plants 
grown from seed show a wider variation than those grown from 
buds. New and improved varieties of sugar cane are started from 
seed. After improved .strains are established by planting seed 
from the best canes the cutting method of propagation is followed 
and little deterioration in quality will follow. Qualities to be 
considered in improvii^ sugar cane are the total yield of cane and 
the percentage of si^ar. 



APPLICATION OP PRINCIPLES TO FARM CROPS 



] CAsei. New vftrietHS of Iriih potatoes are devetoped by planW 

m Hlectim tlie miMt demr^le (ormi for prop>ciitioD, Bve otbtr 
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form to pfopBeaW. It minhl hAvt UuUncIivc cnmucwra m teiiura, (ounaDeH, naKu. 
etc., to entitTeTt li> a new varietal Daiw. (U. S. U. A.) 

Via.3t. — Potato Beedlinga, Bhowinc varUtiona to the eitreDwly lane lonn. (U.S.D.A.} 
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FIELD AND LABORATORY EXERCISES 

1. The flower structures of wheat, oats and rye may be studied. Which 
cmea of these seem to require self-pollination, and which ones will allow of 
croes-poUiuation? How can new varieties be bred from grains which naturally 
self-pollinate? 

2. Sale Distances between Varieties of Com. — Determine, if possible, 
how far com pollen may be scattered by the wind. Shake a tassel of com 
bearing ripe pollen and see if any of the pollen can be detected ten feet away. 
If the wind were strong, what could hmit the distance which the pollen 
might be carried? 

3. Why Kernels Fail to Develop. — ^Just before pollinating, a young ear 
of com may be selected and with a knife cut the silks around the middle line 
of the ear without injuring the cob. Study the effect of such treatment upon 
the future development of the kernels on the lower half of the cob. What 
would be the effect of worms or other enemies injuring part of the silks of com 
before pollinating time? 

4. Value of &ood Cotton Seed. — A good home project with cotton is to 
plant seed which has been well selected from ideal cotton plants, as described 
m this chapter, and other seed taken at the gin from unselected stock. Com- 
pare the growth and development of the two lots. 

5. Try Heavy Seed. — Plant two lots of any one kind of farm seeds, one 
lot in eacn case being heavy, well developed seed, and the other being light, 
or chaffy. Try wheat, oats, rye, radishes or other available kinds. 

6. Improvmg Yields of Potatoes. — If possible, a home project in the hill- 
row method of growing Irish potatoes should be carried out by students. 

QUESTIONS 

1. How may plants which are self-pollinated be improved by the plant breeder? 

2. What methods must he use with cross-pollinated plants? 

3. Describe each of the ways by which the com grower may improve his 

variety of com. 

4. What are the methods used with com? With tobacco? 

5. Wh^ do self-pollinated plants have more stable varieties? Explain this 

with reference to oats. 

6. How are potatoes improved by the hill-row method? 

Reference. — Improvement of Cotton Seed by Selection, Year Book, U. S 
Dept. Agr., 1902, pp. 363-386. 
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luPDRiTiES are frequently found in farrn and garden seeds. 
Weeda are disseminated through this chanoel. The problem of 
obtaining pure seeds, true to name, and free from weed seeds, is 
one of the most serious things to be considered Id good agricultural 
practice. 

How Impurities are Detected. — Weed seeds can usually be 
detected by means of a good hand lens or reading glass (Fig, 36). 
The tnieness to name can beat 
be determined by growing the 
seeds. Some of this kind of 
impurity can ije detected soon 
after sprouting time. But dif- 
ferences between closely re- 
lated varieties can seldom be 
detected by growth until the 
development of stems and 
le^ives and perhaps not until 
flowers are formetl. This may 
Fio.^3^^-auch^» ^m^^^itiMpeiin™^jet require too much time to be of 

uiy wed sample. Eaph aludent and nrb use tO the RFOWer before plant- 
grower ■ gu uKftUDipe eiwo aome in . jjj^^ jj^p main crop. 

.Experts who make special study of seeds are frequently able 
to detect mixture of varieties of seeds or to discover improper 
naming of varieties. 

Students may compare seeds found in samples with other 
labeled samples, a.*! in figures 37, 38 and 39. 

Seed Analysis. — A number of states have laws authorising 
the employment of such seed experts to examine samples of seeds 
for prosiwctive planters and also for deahirs. Laboratories are 
established either at State Experiment Stations or State Depart- 
ments of .\Kriculture for the analysis of seed samples. The work of 
such laboratories is chiefly along the following lines: 

1. Examination for Impurities by means of microscopes, sieves, 
fanning devices (Fig. 40), and scales. 
44 
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2. The percentage of weed seeds and the names of the different 
weeds, ixuticuUrly the most injurious. 

3. The detection of foreign, inert matter, such as sand, chips, 
pulp, ijhaff or other similar impurities. 

I 



i> mads br MudeDU. (U. S. D. A.) 



Fio. S8.— Stodant's ooUeotion ol 



FARM AND OARDEN SEED 




mmmm 



FiQ. 39.— School ael of 



ic seeds luppliBd 



■■ipplind by thg U 
»ttH, ooru, ■■fH 



UniMd StkUa E 



ing. Light Kedal'E"?^" «her°n^ ™ra'b?D»D out by tbcTu^srevei ihould hTiUMl o( 
•uitabis Biie tc KpuaM the awdi oC tUflunnt sUw. (U. B. D. A.) 



SEED TESTING AT HOME 47 

4. Identification of crop seeds and the determination of the 
admixture of inferior varieties. For example, winter and spring 
vetch may be detected by the expert from the appearance of the 
seeds. If the sample is sold as winter vetch it would be very 
detrimental in most climates to have spring vetch mixed with it 
or substituted for it. Germination tests are made in the seed 
laboratories to help determine the trueness to name, as well as to 
help determine certain kinds of weed seed. Seed incubators, 
where the temperature is maintained at any degree desired, may 
be used for this purpose. 

6. Tests are made for vitality of seed. 

6. The age of seed is detected so far as possible by different 
methods for different kinds of seeds. 

Reports from Seed Laboratories. — Reports by the seed analyst 
are made to the person or firm requesting the analysis. Such 
reports may give the percentage of weed seeds and name the most 
injurious kinds present; the amount of inert matter; trueness to 
name; the percentage of germination; and the probable freshness, 
maturity, and other points regarding the seed. 

The laws of some states require the publication of the results 
of all samples examined. The laws may require that the details 
of such analysis accompany each lot of seed sold by dealers. 

The benefits to be derived from such laws are clearly apparent. 
Dealers are in this way able to statef on authority the exact worth 
of their seeds. Planters are able to avoid lots of seeds which are 
not up to the desired standard in every respect. Poor lots of seed 
are thus thrown out or put through a cleaning process. Distribu- 
tion of weeds through the planting of weedy seed is reduced to a 
minimum. State seed analysts are in charge of laboratories to 
accomplish these purposes in a number of the states. 

Seed Testing at Home. — ^Whether there be a public seed 
analyst in your state or not, it frequently pays to test seeds at 
home. Samples tested by the public analyst may not be true 
samples, or there may be more work than he can do because of 
insufficient help in his laboratory. 

There is a great deal of poor seed sold upon the market. Many 
seasons it is practically impossible for dealers or planters to secure 
seeds of certain kinds with high percentage of germination. This 
may be due to drought, late spring, early fall, ravages of insects, 
plimt diseases or other causes. Each planter should know from 
his own test the exact germinating power of all seeds he has to use. 
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Reasons for Testing. — ^Attention is called to impurities in 
seeds during the testing operation. Foreign inert matter is then 
more easily detected. The vitality or germinating power of the 
seeds can be determined in no better way. 

Why Know the Germinating Power. — The grower who knows 
the germinating power of seeds before sowing time may be able to 
save the money which he would otherwise throw away in buying 
poor lots of seed. 

He will save the time and labor expended in planting seeds 
which will not grow. 

He will save the labor necessary for re-planting those parts of 
the field where there would be a poor stand of the crop. 

He will save something in the amount of seed used in planting 
the field. 

A poor and imeven stand of the crop is avoided if seed with 
strong and even germination is planted at the beginning. 

He will have a more uniform and evenly maturing crop at 
harvest time. This means a better pa3dng crop. 

Testing of Seed Com. — ^A seed analyst can never give the 
grower the information desired regarding the germinating power 
of com. The growfer should know the percentage of germination 
for the kernels on each ear of corn. A wide variation is found 
among the ears in any lot of seed com. Probably no two rows in 
a field are of the same degree of maturity. After test of each ear 
is made those showing poor germination may be discarded entirely, 
and used for stock feed. As each ear may contain from 700 to 
1000 kernels the removal of such a number with low germinating 
power is important and very easy. 

Methods of Testing Ear Com. — Number the ears of com on 
small cards or bits of paper by thrusting a slender nail through 
the paper and into the large end of the cob. Arrange all the ears 
of seed com in some systematic way on shelves or in racks or by 
suspending them as shown in the chapter on com. 

The Rag Doll Method of testing ear com is dcscril^ed as follows 
by the Illinois Station: 

"In preparing to make this test, secure sheeting of a good 
quality and tear into strips from eight to ton inches wide and three 
to five feet long. Where these are to be used very much it is well 
to hem the edges, as otherwise the ravelings sometimes disarrange 
the kemels in unrolling. Each cloth should then be marked with a 
heavy pencil, first lengthwise in the middle and then crosswise, 
making squares about three inches wide. 
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" Moisten one of these cloths and lay it out on a board of con- 
venient size in front of the ears which are to be tested. Remove 
six kernels from ear No. 1 and place in the square No. 1 in the 
upper left-hand comer of the cloth. Take six kernels from ear 
No. 2 and place in square No. 2. When the cloth has been filled 
begin at the upper end with ears 1, 2, etc., and roll the cloth up. 
Since the cloth is moistened the kernels will not likely push out 
of place. If a small irregular-shaped piece of wood or some other 
substance is used as a core in rolling, a more uniform germination 
may be secured. When the rolling of the cloth has been finished, 
tie a string rather loosely about the middle of the roll; or, better 
still, use a rubber band. Number this roll No. 1. Then prqi^eed 
with roll No. 2 in the same way. As many rolls riiay be used as 
are necessary to contain the com. From 20 to 50 ears can be 
tested in each roll, depending upon the length. 

"After the rolls have l)een filled they should be placed in a 
bucket of water, where they may remain for from 2 to 18 hours, 
depending upon the preference of the operator. At the end of this 
time pour off the water and turn the bucket upside-down over the 
rolls — or a common box may be used for this purpose. Small 
pieces of wood should be laid under the rolls and one edge of the 
pail should be lifted from one-^half to one inch in order to give 
sufficient ventilation. Some have left the pail in an upright 
p)osition, placing a few sticks or corn cobs in the bottom of the 
p8i\ to insure proper drainage, and then packing a moist, coarse 
cloth over the rolls U) prevent excessive drying. Cover the pail 
with a kettle lid. At the end of five days the kemels should be 
ready to read. 

"Depending upon the arrangement of the ears, select, first, 
either roll No. 1 or the last roll filled. This cloth will be unrolled 
in front of the ears which are represented. Examine all kemels 
carefully." 

After the test is made the ears showing low germination should 
be removed from the others. Those with about 80 per cent of 
germination may be kept in reserve for use only if there are not . 
enough with perfect seed. 

Testing Smaller Farm and Garden Seeds. — There are several 
good methods by which farm and garden seeds may be tested. 

1. The seeds may be planted in trays or boxes of soil. These 
should be well watered and kept in a warm room and away from 
mice. A record of each lot should be placed on a label in the soil 

4 
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at the edge of the box. This should show the number of seeds 
planted; the kind and the date. 

2. One hundred seeds of each lot may be placed on wet blotters 
with a paper label for each. The blotters may be piled upon 
each other as high as desired and placed inside a moist jar or other 
vessel. This should be loosely closed to retard the evaporation 
and yet allow some air to enter. 

3. Use a modification of the rag doll method, placing a label 
with each lot of seeds as the cloth is rolled up. 

4. The plate method is often used. Blotters or cloth are used 
to help retain the moisture, as the seeds must be kept uniformly 
moist as well as warm during the germination. 

Other methods can be easily devised to suit the particular 
needs or conditions in any school or home. 

Obtaining Good Seed. — Careful gardeners find it profitable 
to save seeds of their own growing. This is the most satisfactory 
way of improving the special strains or varieties which they wish 
to grow. For example, if a tomato grower finds certain plants 
bearing tomatoes which most nea.rly meet his market conditions 
he should save seeds from those plants. The admixture of seed 
from other inferior fruits will not pay. 

In the wholesale methods of obtaining tomato seeds for sale 
to dealers no such careful selection can be made. It may be that 
such lots of seeds are taken from the fruits which matured late 
in the season after market prices for tomatoes had dropped below 
the profitable point. Crops grown from such late-matured seeds 
would be less likely to be ready for the earlj'^ markets when the 
prices are best. Tomatoes vary greatly in the proportion of flesh 
and core. In the wholesale methods of obtaining tomato seeds 
for market such variations within varieties cannot be taken into 
consideration. 

Similar reasons can be found for the home selection of seed 
for other garden and field crops. 

Limits. — There are certain garden crops which will not mature 
seeds well in the climates where the crops themselves are profit- 
ably grown for market. For example, this is the case in some 
localities where onions, cauliflower and sugar beets are grown. 

Home Grown Seeds should be thoroughly and carefully dried 
as soon as they are mature. They may then be placed in envelopes 
or other receptacles and properly labeled. Special descriptions 
may be desirable in certain cases. These envelopes or containers 
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should be placed in tin boxes or other vessels to keep them free 
from the attacks of mice, weevils, grain moths and other enemies. 
It is important that the seeds be kept dry during the storage 
period. This may be done by placing them in an upper room 
near the chimney where the temperature is moderate. 

Reliable Sources of Seed. — Seeds which arfe purchased should 
be obtained from reliable dealers. If possible, information should 
be obtained through them as to the climates in which the seeds 
were grown. Local dealers or special agents for the planters of 
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Fxo. 41. — Map of United Stated showinfc chief Bources of vegetable and flower seeds. 

(U. S. D. A.) 

any single conmiunity should visit the wholesale dealers or growers 
and obtain at first hand information regarding conditions in which 
the seed crop was produced. Here is found one of the advantages 
of cooperation among local growers. The maps (Figs. 41 and 42) 
show the chief sources of vegetable and forage seeds produced in 
the United States. 

Local Seed Growers. — Seed may sometimes be obtained from 
local growers where the conditions are well known by all of his 
customers. This plan is to be recommended to those who do not 
save their own farm and garden seeds. 
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Improving Poor Lots of Seed. — Field seeds which are ob- 
tained in larger quantities than garden seeds may be improved by 
recleaning. If upon examination, as during a testing, a lot of seed 
is found to contain weed seeds, chafF, dirt or other impurities the 
whole lot may be greatly improved by cleaning and recleaning 
(Fig. 40). 

The principles involved in the cleaning of corn, grass and other 
field seeds are: 

1. Seeds vary in size and may be separated by running them 




Fia. 42. — Chief seed districts for Krass and forage market seeds produced in the United 

States. (U. S. D. A.) 



through sieves of different sized mesh. Corn cockle weed seed 
may be separated from wheat by the use of a sieve which is just 
fine enough to prevent the wheat from going through and coarse 
enough to allow the weed seeds to pass through. Seeds or other 
material coarser than wheat are separated by sieves which are just 
large enough to allow the smaller ones to pass through. The seeds 
of dodder may be separated from alfalfa by using a sieve with 
nineteen or twenty meshes to the inch. 

2. Some seeds are lighter than others, and may be separated 
by the use of fans or any other way, using a strong breeze to blow 
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away the lighter parts. Records are given in the Bible of the use 
of this method by the ancients. Modem hand fanning mills are 
inexpensive and should be used more commonly than they are for 
the removal of chaff from grass or the removal of light weed seeds 
from the heavier seeds of the desired crop. 

The use of sieve and fan methods are often combined and 
machines are devised for sifting and fanning out at the same time. 
A lot of wheat or oats, for example, may be easily improved and 
the best selected by running it throu^ such a machine a few 
times. Small seeds are sifted out and light seeds perhaps con- 
taining smut are blown farther than the others and may be 
removed. 

Seed Cleaners. — ^There should be a seed cleaner either on every 
farm which produces seed for sale, or for home use in every neigh- 
borhood. In the latter case, the machine may be owned by 
several farmers in the community. If owned by one, he may do 
seed cleaning for other people at a stated compensation, or he 
may rent the machine to others at so much per day. 

There are several types of machines used for cleaning seed. 
The most satisfactory among these have provisions for both 
sifting and fanning. The large kinds of seed are separated from 
the small by the sieves. During the same process the heavy seeds 
are separated from the Ught seed or chaffy ingredients by the 
fahning (Fig. 40.) It is surprising how uniform a lot of seed 
may be. 

Storage of Grains and Seeds. — Conditions for the saving of 
garden seeds have already been given in this chapter. Larger 
quantities of farm seeds should be stored in mouse-proof bins in 
well-sheltered buildings. There is always danger of attacks by 
weevils and grain moths. These enemies are commonly found 
in the warmer climates. Beans, peas, cow peas, soy heans and 
others are frequently attacked by bean weevils. In some cases 
the eggs are laid before the crop is stored. As soon as they begin 
to hatch the, whole mass of seed should be treated with carbon 
bisulfide. This may be'^done in a bin by placing the liquid in an 
open vessel above the grain. Evaporation takes place quickly and 
the fumes settle through the mass of seeds. Sheets or canvas 
should be spread over the bins, or if possible the bins should he 
made more nearly air tight during the treatment. This should be 
repeated in a few weeks after more of the larvae have hatched. 
The process is inexpensive and may be used with corn, grain or 
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seeds of any kind without injury. Care should be taken not to 
breathe the fumes nor to have any fire present, as the fumes are 
very inflammable. Have tight bins and use one ounce of carbon 
bisulfide to each ten cubic feet of space. 

FIELD AND LABORATORY EXERCISES 

1. The six lines of work of seed laboratories, as mentioned in this chapter, 
should be made the subject of laboratory practice. Samples of seed for this 
purpose may be obtained from dealers. 

2. The state law regarding seed inspection should be studied and the 
percentages mentioned for some of the amounts of weed seed allowable imder 
the law should be compared with samples that may be available. 

3. Different methods of testing seeds should be practiced in the labora- 
tory or at home. Try the rag doll method for seed com. Use the blotter 
method, the seed box method and others. Which methods seem most suitable 
for lar^ seeds, and which for small seeds? Which methods seem to give 
conditions most nearly like the field or garden? 

4. Samples of spoiled grain, spoiled com or other seeds injured by im- 
proper storage should be obtained. Let the conditions of storage in each case 
be described and the better methods compared with these. 

QUESTIONS 

1. Explain the operation of state laws regarding seed analysis and give the 

work done by state seed laboratories. 

2. Of what use are the reports from seed laboratories? 

3. Give the advantages of seed testing at home. 

4. Why should the grower know the germinating power of seeds before 

planting? 

5. Describe the "rag doll" method of testing seed corn. 

6. Give some methods of testing smaller farm and garden seeds. 

7. How can the grower obtain good seed through testing methods? 

8. Give the advantages of home-grown seeds. 

9. Give the methods and principles involved in the cleaning of a lot of seeds. 
10. What are the precautions to be taken in the storage of grains and seeds? 

References. — U. S. Farmers' Bulletins. — 111, The Farmer's Interest in 
Good Seed. 194, Alfalfa Seed. 229, The Production of Good Seed Corn. 
253, The Germination of Seed Corn. 260, Seed of Red Clover and Its Impuri- 
ties. 286, The Advantages of Planting Heavy Cotton Seed. 306, Dodder in 
Relation to Farm Seeds. 382, The Adulteration of Forage-plant Seed. 415, 
Seed Com. 428, Testing Farm Seeds. 434, The Home Production of Onion 
Seeds and Sets. 495, Alfalfa Seed Production. 646, Crimson Clover: Seed 
Production. Circ. 96, U. S. Office of Exp. Sta., How to Test Seed Corn in 
School 



CHAPTER VI 
PROPAGATION OF PLANTS BY DIVISION 

Allai 
Who. 

Methods of propagation of plants may be grouped into two 
classes, sexual and asexual. The first includes propagation by 
spores and by seeds. Spores are produced by muahrooms, by 
panif'tic fungi and by some others of economic importance. Seeda 
are produced by practically all classes of farm and ga'rdeD plants. 



The method of seed formation is sexual, involving both stamens 
and pistils, as described in Chapter II. 

Many such plants arc multiplied by means of stems, leaves or 
roots. This is without sex, and is called asexual. The propagation 
is accomplished by a division of the parent plant in some form. 
Examples of division are by roots, underground stems, tubers, 
bulbs, runners, cuttings, layers, buds and grafts. 

Root Propagation. — The sweet potato is a true root. The 
store of plant food is abundant. Buds may start under the epi- 
dermis at any point, and many plants are started from a single 
root (Fig. 43). 

6S 
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The blackberry is commonly propagated by means of cuttingB 
from the roots, seeds being used chiefly for the starting of new 
varieties. Roots about one-fourth inch in diameter are taken 
up in the fall and cut into two-inch lengths. These are kept in 
wet sand or sawdust in a cool cellar until spring, when they may 
be planted in shallow furrows and covered with about two inches of 
soil. They are sometimes started in hot-beds in very early spring 
and transplanted to the permanent garden about six weeks later. 

Difference Between Roots and Stems. — ^The technical differ- 
ence between a root and a stem is that a root does not bear true 
buds, at least the buds are not arranged in systematic order as 
they are upon stems. There are no scales or modified leaves 
about the 'buds" on roots as there are on stems. True buds are 
often only upon stenis. They contain rudimentary leaves for 
future growth. 

Divisions of Crowns. — ^True buds are found at the crown of 
the root stem. This is true of many woody plants and herbaceous 
perennials. Such plants may be readily multiplied by division of 
the crowns in such a manner that some of the buds remain attached 
to each part of the roots after the division is made. Thus a lilac 
bush may be divided into a number of plants. Many of the 
perennial flowers are propagated in this manner; for example, 
dicentra, delphinium, columbine, perennial phlox, golden-glow and 
peonie. Division of roots may be accomplished best when the 
plant is dormant, as in late fall or early spring. This is one of the 
easiest methods of multiplying plants. It is used in the propaga- 
tion of hundreds of different shrubs, such as roses, currants, 
gooseberries, altheas, wygelia and spirea. 

RootstockSy or underground stems, creep near the surface of 
the ground and may be partly out of the ground at different 
places. They are supplied with buds, and at manj'' of these new 
stems may be sent upward and roots sent downward. Thus new 
plants may be propagated by division at any point. This is a 
common method of propagation among many of the grasses, such 
as blue grass and quack grass. White clover spreads extensively 
in this way. 

Tubers dnd Bulbs. — Tubers are commonly used in the propaga- 
tion of white potatoes, dahlias and a few others. True buds are 
often found upon the tubers. These are sometimes called "eyes." 

Many bulbs are multiplied in the moist climates of western 
Washington (Fig. 44) and western Europe. The Dutch bulbs are 
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perhaps meet commonly found in American markets. A common 
method is to slit the bud in sections rumiini; vertically through 
the center (Fig. 45). E^h piece then develops a number of small 
buda (Fig. 46) which in time grow to a size large enough to be used 



commercially. Examples are hyacinth, crocus and Chinese lily. 
Scaly bulbs are more easily divided. Bulbs may start from 
the base of a scale and form new plants. A number of lilies are 
propagated in this way. 



. an rigbt icoopcd, to cause them 

The bulbs of canna are similar to the true tubers. They are 
divided In the crown by merely breaking apart at the natural 
divisions. 

Runners. — Horizontal stems are developed by some plants 
for the purpose of propagation. Such runners are above ground 
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and take root at aay or all of the nodes, wherever they may come in 
contact with the ground. Bermuda grass spreads rapidly by means 
of runners. This plant becomes a bad weed in fields of corn or 
cotttHi because the runners take root so readily when the soil is 
moist. The grass apparently sufEcrs from drought quickly, but 
does not really die. Aa .won as rains begin the brown runners 
revive, turn green, and send up new leaves. 

The wild Buffalo grass of the arid regions also spreads by means 
of runners. 



The strawberry is seldom propagated in any other way than 
by runners, except when new varieties are desired. It is after the 
crop of berries is harvested that the runners make their most 
vigorous growth. If the weather is favorable strong plants may 
be formed at the first joint of the runners. After this the runners 
should be cut off to prevent secondary plants from starting. In 
this way the strongest strawberry plants may be obtained. The 
ground should be kept well tilled to conserve the moisture and 
encourage the rooting of rumiers. The young plants may be trans- 
planted in August or Septcml)er to their new location, or this may 
be done in early spring. Plants which arc desired for use in hot 
beds or indoor growth during the wintt-r may Ix; started in pots 
or cans by plunging these in the soil near the open garden before 
the runners take root. 

Layers.— There are three types of layering: Tip layering is a 
common method of multiplying the black raspberry (Fig. 47). 



CUTTINGS 
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The tips of the canes are bent over and pegged or otherwise held 
to the ground. Usually the tip is recurved and perhaps slightly 
broken a few inches from the top, and this wounded point is brought 
in contact with the loose soil. If this is done immediately after 
the crop of berries is harvested the new plants will be well started 
in time to transplant them the following fall if desired. After 
rooting takes place the canes of the parent plants may be cut 
loose from the young plants by the use of long-handled hedge 
shears or a sharp spade. 

Vine layering is practiced with certain varieties of grapes and 
with such other plants as certain kinds of roses, Virginia creeper 
and viburnum (Fig. 48). It is possible to use the method with 
almost any shrub. The vine is laid down in a furrow and covered 
at several points with soil. With some vines, rooting will take 
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Fio. 47. — ^Tip layering as practiced with black cap raspberries and many other shrubs. 

Fio. 48. — Vine layerinK as practiced with arapelopsis, fcrapc, and manv other vin(>8. 

Fio. 40. — Mound laycrinK as practiced with the gooseberry, quincr, lilac, and some others. 

place more readily if a wound has been made at the point of con- 
tact with the soil. 

Mound layering. — Many shrubs, such as the gooseberry and 
sometimes the quince, may be propagated by this method (Fig. 49). 
A mound of loose earth is formed among the branches above the 
crown. When roots have formed in this mound the plant may be 
taken up and divided by cutting the branches apart. Each will 
have its own roots, thus forming a separate plant. 

Cuttings. — Many house plants are started by means of cut- 
tings made from either the green stems or the leaves or both. This 
is a method familiar to many, because it is practiced in so many 
homes. Begonia, geranium, fuchsia, spidcrwort and numerous 
others are thus propagated. The condition most favorable for 
the starting of green cuttings is to have very clean sharp sand par- 
tially shaded from the sim by means of newspapers or very fine 
covering to retard evaporation. The room should be warm. 
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Hardwood cuttings are used in propagating several varieties 
of grapes, currants, some hardy rosea, and many ornamental 
shrubs (Fig. 50). Willows and poplars are so quickly rooted that 
they are recommendfid for practice by students. 

Grape vine cuttings are taken in the fall after the leaves are 



off. They are cut in such length as to leave one or two buds on 
each piece (.see figure 51 for four typos of cuttings). They are tied 
in bunches properly lalx^ied, and stored in wot sand or sawdust 
in a cool cellar until spring. During this time callouses form on 
the cut surfaces. They are set in the open garden or vineyard 
about planting time. One bud should be left at the surface of the 
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ground or just above it, packing the soil well about the base of 
the cutting to cause the roots to start promptly (Mg. 52), Young 
plants may be thus started in the garden or nursery row and left 
for one season. They are trans- 
planted to the vineyard a year 
or two later. 

Buds ore used in the propa^ 
gation of peaches, plums, pears, 
apples and many ornamental 
trees and shrubs by a process 
called budding or bud - grafting. 
The most common form of bud- 
ding, in the propagation of fruit 
trees, is that known as shield- 
budding (Fig, 53). Other forms 
of budding are sometimes used. 

Plate-buddiTtg, in which a rec- 
tangular plat« bearing the bud 
is made to fit into an incision in 
the bark of like bape and size , 
is sometimes used in propagating • 
olive trees. -s, .">-"-^ v>....^b. 

H-hudding is a modification of this in which a flap of bark is 
left both above and below the center of the opening on the stock; 
those cover the bud at the ends when it is inserted. 






Ring- or annular-budding may be used in propagating magnolia 
and hickory trees, which have very thick bark. A ring of bark is 
removed entirely from the stock and in its place is put a piece 
with its good bud, to fit the ring closely. 
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If this be modified by removing only a part of the ring it is 
called veneer-budding. 

Shield4mdding is so named because of the shape of the bark 
removed with the bud which is to be inserted in the stock. The 
name T-budding is also given to this method because of the T- 
shaped cut which is made in the stock before inserting the new 
bud (Fig. 53). This method of budding is the most rapid and for 
this reason has become the method in most common use. 

Shoots of the current season's growth are cut from good va- 
rieties, as seen in hgure 50. The plump buds from these should be 



inserted, without delay, into the groiving stocks. The leaves are 
trimmed from tlie shoots, leaving a portion of each leaf-stem, with 
which to handle the bud. The shoots are then wrapped in moist 
paper or cloth to keep them fresh until all are used. 

Stocks used in budding fruit trees are usually grown from seed. 
Apples and pears are usually not budded until the second summer, 
if grown in a northern climate. The stocks for ix>;ich«s and plums 
are more commonly budded the first seiuson of their growth from 
seed — August or Scptcmlwr in the north, and Jime or July m the 
south. Wlien June budding is practiced the buds to be used may 
be taken during the dormant season, stored in wet sawdust or 
sand in a cool cellar or in cold storage until budding time. 
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. The operation is very simple and much skill can be attained 
by practice. The shield-shaped bark with bud is cut by slanting 
the cut about a quarter of an inch above or below the bud and let- 
ting the blade pass behind the bud and complete the shield about 
a quarter of an inch past the bud. Very little of the wood of the 
shoot should be cut. The knife used should be very sharp and 
the blade very thin. The bark of the stock is cut in the form of 
a T a few inches above groimd. The angles of bark are rolled 
back to admit the shield with bud. The latter is pushed well 
down to the base of the cut and until the 
entire shield is within the bark and adjacent 
to the wood of the stock. The angles of the 
bark will cover the edges of the shield. The 
stock is then wrapped with waxed knitting 
cotton, or raffia fiber, to hold the bud snugly 
in place until it has united to the stock. The 
wrapping is cut on the opposite side of the 
stock soon after growth starts, to prevent 
strangulation or other injury. 

Buds set in late summer should not start 
growth until the following spring. Then all 
the stock is pnmed away above the bud 
(Fig. 54). This will force all the sap into the 
expanding leaves of the bud, and the growth 
should be very rapid (Fig. 55). When buds 
are set in' spring or early sunmier more atten- 
tion must be exercised in pruning away the 
leafy growth of the stock, as it should not 
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before the bud united with it. 

Top-working with Buds is frequently practiced because the 
wound formed by the union is not so bad as in some forms of graft- 
ing. This is descril)ed under the head of grafting. 

Grafts are used in the propagation of many fruits as well as 
for many ornamental trees and shrubs. Grafting differs from true 
budding in that there is a piece of the twig inserted upon the stock 
and not merely a bud. This piece is called the saon (or cion). 
It may have either one or more buds, as desired. Scions are taken, 
from the kinds which we desire to propagate, in the fall after the 
leaves are off. They are stored in moist sand or sawdust in a cold 
cellar until used. 
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The stocks for young nursery trees are grown from seeds, 
started in beds or rooms early in the spring. Conditions for their 
rapid growth should be made as favorable as possible. After they 
have made one season's growth they are usually taken up. 

For root grafting, the seedlings are dug in the fall, tied in 
bundles and stored carefully in a cellar for winter use. But if they 
are to be grafted at or near the crown they are reset in open rows 
to be worked the second season. 
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Whip or Tongue Grafting is one of the most common methods 
employed. It is ased extensively in root^?rafting of apple trees 
{Fig. 56). The work may be done in a cellar during the winter 
season. The procesa is only slightly more difficult than that of 
budding. The tops are cut from the seedlings and destroyed. 
The roots and scions must be protected from the air to keep them 
moist during the process. 

Make long sloping cuts across the lower end of the scion and 
the upper part of the root. This should be done with a very sharp 
knife. Then make secondary cuts forming tongues on each piece, 
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as shown in the figure. Push the pieces together firmly. If the 
root and scion are of the same size the cambium layers juat be- 
neath the bark will be in contact. This 
is essential to future union. The graft 
is now ready to be tied. This is usually 
done with moist raffia fiber or with No. 
18 knitting cotton which has been dipped 
in melted grafting wax. The scions used 
for this purpoBe should be very thrifty 
twigs, and should bear from one to sev- 
eral buds each. The roots are usually 
cut into pieces varying in length from 
four to six inches. Some nurseries pre- 
fer to have the entire seedling root used. 
Such grafta are then called "whole-root" 
in distinction with "piece-root" grafts. 

As the grafts are made they are kept 
moist and tied in bunches of from 25 to 
100, with a label for each. These are 
stored in moist sawdust or sand and are 
held until spring. About corn-planting 
time they are set in nursery rows (Fig. 
57) from six to twelve inches apart. The 
distance between rows should allow of 
cultivation and is usually from three to 
four feet, depending upon the soil. The 
depth should be such as to leave one or 
more buds expa-jed to the air. The 
ground should be pressed firmly about the 
graft to cause it to produce fibrous roots 
immediately. The young trees should be 
well cultivated the first season, and care 
given to the removal of any sprouts as- 
cending from the root« below the point 
of union. After one or two years the 

young trees may be transplanted to the pio. se.— Appi« an com- 
orchard. "rSm^p^.^Xrw^i^VXiX 

Top-Workiiig of Fruit Trees is a more J^cihc'^atd readyT^iili'^ 
common practice than formerly. There "axea coiuin. 
are several reasons for top-working. (1) The tree may be in t)earing 
and the fruit be of an undesirable kind, either because the trees 
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were improperly named or because the fruit does not Buit the 
market. (2) The orchardiat may desire to try some new variety on 
a tree of bearing age and bring it to fruitage more quickly than if 
it were worked on young stock. (3) The grower may wish to intro- 
duce into a block of trees in his orchard a few rows of any desired 
varietyfor the purpose of aiding in the cross-pollination of the trees. 

Top-working is done chiefly by three methods: cleft grafting, 
tongue^afting, and budding. Still other methods are occasionally 
found but are less conmion; for example, side grafting consists in 
ioserting a wedge-shaped scion beneath a very lai^ stem or trunk. 

Cleft grafting was formerly the most common method of top- 



working orchard trees. Limbs varying in size from one-half to 
two inches in diameter are cut square across with a saw. With a 
chisel or special grafting cleaver, the end is split to receive two 
scions bearing the buds of the desired variety. The scions are cut 
in a wedge-shape form, one being inserted near the cambium layer 
at one edge, and one at the other, of the split stem. The scions 
should be slightly beveled to make them fit the stock most perfectly 
at the cambium layer and bark. The wounded surfaces are then 
thoroughly covered with grafting wax to protect them from the 
weather. This operation may be performed at any time during 
the early part of the growing season, dormant scions beir^ used. 




DOUBLE WORKING 67 

Tongue grafting is used in the top-working of trees, but must 
be practiced on smaller branches of the stocks. The wound formed 
by this method is not so great and the union is more apt to become 
perfect. In order to completely change the bearing tree from one 
variety to another by this method it is necessary to insert a much 
greater number of scions than would be necessary by the cleft 
grafting process. 

Budding is used in top-working by inserting the buds either 
on large or small branches. Budding is coming into more general 
use for this purpose. 

Pruning is essential after top-working of a large tree. The buds 
or scions which have been inserted must be protected in their 
struggle for growth. Competing branches near them must be 
pruned away after the new buds have produced leaves. Coilunon 
sense and good judgment are the chief guides in this matter. There 
is always great struggle in a tree top among the different branches. 
The owner must aid the ones he wishes to develop and cut away 
the others. 

Double Working. — Growers sometimes practice what is called 
double working of stocks. Young root grafts, for example, may 
be grown in the nursery row one year or more and then may be 
again budded or grafted at a height of from one to three feet above 
ground. This may be done either before or after the trees are 
transplanted to the orchard. This second operation would seem 
to be unnecessary, but may be required for one of the following 
reasons: (1) The young trees may be of bad shape, and the buds 
inserted may be for the purpose of lowering the first main branches. 
(2) The grower may have been unable to secure from a nursery 
the variety he desired, andso planted in his orchard an inferior 
variety. He will then change the variety by budding or 
grafting with the desired kind. (3) He may have a special strain 
or variety of his own well suited to that soil and other environ- 
ments. By inserting the scions or buds himself upon young trees 
that have started growth in the orchard he can be more certain 
of securing fruit of his special variety. 

FIELD Am) LABORATORY EXERCISES 

1. Root Cuttings. — Make cuttings of roots of blackberry. Plant these in 
favorable conditions and watch their growth. 

2. Compare Roots with Stems. — Take the roots of any convenient shrub 
and comp>are them with the steins, or if possible with underground stems from 
the same plant. Note the buds and the stalks near the buds which form the 
nodes on underground stems called footstalks. Note the absence of such 
nodes on roots. 
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3. Division of Roots. — ^Take groups of tuberoses, asparagus, golden glow 
or any other convenient plant in the garden which has a supply of buds near 
the crown. Divide the clump into separate plants, and plant them separately. 

4. Tsrpes of Bulbs. — Ck>mpare bulbs of different kinds and determine 
which ones are more scaly than others, and which ones you would call firm or 
solid bulbs. In any one variety, as tulips or hyacinths, select those bulbs which 
would produce the best growth. What are the points you see in this selection? 

5. Purpose of Plant Runners. — Examine the runners of strawberry, trail- 
ing buttercup, Bermuda grass and others that are propagated naturally by 
runners. From what points are the roots sent into the soil? At what points 
do the new shoots start up? What plants seem to be largest — those near 
the parent plant or those farther away? Why is there a difference? 

6. Layering. — Make tip layers of raspberry plants, and vine layers of 
grape vines. 

7. Cuttings. — Make cutting of various woody shrubs found in the yard 
or along the roadside. Determme what trees will ^ow from cuttings if taken 
at the proper size. Use also cuttings of grape, English ivy, geranium, begonia, 
and others. 

8. The Practice of Budding. — Students should practice budding. The 
operation may be learned by practicing on willows or other twigs which have 
stood in water in a warm room for a few days. This loosens the bark and makes 
the operation more like the real conditions found in the peach orchard in Sep- 
tember. Buds of any kind may be used for practice, but at the right season 
the buds of good varieties of peaches should be inserted on stalks of seedling 
peaches. Use the method called shield budding in this work. 

9. Practice the cleft graft on twi^ brought into the laboratory. Then 
let the work be done with some good scions of apple trees grafted on the limbs 
of trees out of doors. 

10. Learn to make the tongue or whip graft, and secure a supply of seed- 
ling apple roots from a nearby nursery. Tne expense of securing these may 
be covered by the sale of the grafts made from them. Cut off the tops of these 
young seedling? and graft on to the old scions from good varieties of apples 
which may be secured in the vicinity. Store the products in moist sawdust 
or sand in cool cellars until about corn-planting time. These should then be 
set in rows in the garden at proper distances for cultivation. Set the grafts 
so that only one bud projects above the ground. 

QUESTIONS 

1. Give examples of propagation by means of roots. 

2. What are tne technical differences between the root and stem? 

3. E)escribe the division of crowns and give examples. 

4. How are root stalks used in the multiplication of plants? 

5. Describe the different kinds of tubers and bulbs. 

6. What plants have runners? Tell how runners multiply the plants. 

7. Describe the multiplication of black raspberries through tip layering 

8. Describe vine layering. 

9. Explain how mound layering is done, and how it increases the number of 

plants. 

10. Give examples of plants multiplied by green or soft-wood cuttings. 

11. Mention several plants propagated by hard- wood cuttings. 

12. Describe the budding by snield-bud method. Apply this to the peach. 

13. Why is top-working with buds better than top grafting? Apply this to 

the apple. 

14. Describe and illustrate the whip or tongue graft. 

15. What si^ecial pruning should follow after top-working of an apple tree? 

References. — U. S. Farmers' Bulletins: 157, The Propagation of Plants. 
471, Grape Propagation, Pruning and Training. 



CHAPTER VII 
SOILS AND THEIR USES 

Whoever will be perfect in the science of agriculture must be well 
acquainted with the qualities of soils and plants, and must not be ignorant 
of the various climates, so that he may know what is agreeable and what is 
repugnant to each. — 0:)lumella. 

All elements or substances found in plants or animals are 
from either the soil or the air. Plants are produced from the soil 
and air; animals, in turn, secure their food from plants. The 
grower of field and garden crops is interested directly in soils; and 
the stock raiser is only slightly less interested in them. Both must 
know what kinds of soil are best for their special lines of farming. 

What the Soil Really Is. — Soil has often been defined as the 
surface part of the earth in which crops may grow; but this gives 
us very little idea of its real nature. To understand it better let us 
follow the suggestion of I. P. Roberts and put a sample of good 
black soil to different tests. It will usually be found to contain 
insect life and other animal life in different forms. The bacteria 
present are not only abundant but are of too many kinds to be 
all known by the bacteriologist. Seeds and spores are usually 
present in countless numbers. The dark color is chiefly due to 
the presence of decayed organic matttT — the result of lx)th animal 
and vegetable matter which has begun decay soon after death. 
Much moisture is there and with it different chemicals in suspen- 
sion. Oxygen, nitrogen and other gases constitute the air of the 
soil. The greatest bulk is probably made up of particles of clay 
and sand which have resulted from the disintegration of rocks 
through the long ages past. 

In the study of soil, formation through the crumbling of rocks 
of different kinds, a student must not lose sight of the real nature 
of soil and the multitude of organisms and substances in it. 

The best farm soil is made up of a proper mixture of sand, clay, 
and decaying organic matter called humus, in just the right pro- 
portions. With it must l)e plenty of moisture in the best form. 
It must be in such physical condition as to allow the proper degree 
of ventilation for the supply of oxygen and the removal of injuri- 
ous gases, and to supply heat at the proper seasons. It must 
have an abundant supply of useful bacteria and similar organisms. 

69 
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Enough lime must be present to help produce valuable chemical 
changes in the soil. Plant food of various kinds must be present. 
This may be either in solution or in particles to become valuable 
at a later time. 

Such an ideal soil is one which every good gardener or farmer 
will strive to produce and maintain. The methods of soil improve- 
ment discussed in Chapter IX are used by man in his efforts to 
produce or maintain such ideal soils. 

Organic matter in the decayed or decaying form in the soil 
is called humus. The amount of it present in a given soil is to a 
very great extent the measure of the value of that soil. It deter- 
mines ita moisture-holding powers, the amount and activity of 
the bacteria present, and the condition of the soil with respect to 



ventilation and drainage. Humus is also one of the chief sources 
of nitrogen and other plant food. 

Under natural conditions humus is produced in soils by the 
death and decay of insects, worms, grasses, leaves, twigs and 
trunks of trees, and other natural gron"th (Fig. 58). As these 
substances decay they are readily incorporated with the soil 
through the action of water and other natural agencies. 

A sample of soil from the woods is usually black because of the 
humus present. Such soil is phenomenally rich. Under agri- 
cultural cojiditions the grower tries to imitate nature in the pro- 
duction of such qualities in farm soils. 

There are other forces in nature, such as erosion and the blow- 
ing by wind, which tend to remove the surface layer of the earth 
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from a given area, and with it humus is taken. Because of the 
erosion, or wearing away by water, the surface layer of black soil 
is not so deep in a humid region as in regions of less rainfall. In 
arid regions the decayed organic matter which has accumulated 
for centuries makes the black layer of surface soil much deeper. 
The decayed matter will penetrate more deeply into a loose, open 
soil because of better ventilation. Root growth is deeper and 
the decay of such roots will form humus at a great depth. These 
conditions help explain the fact that in the arid regions the black 
layer of soils may be several feet deep, while it may be only a few 
inches deep in a more humid region, particularly if the conditions 
are favorable for erosion. 

Live Organisms in Soil. — A good soil contains much life. It 
may almost \:>e said to be alive with bacteria, molds and other 
organisms. They are so abundant in kind that specialists fre- 
quently discover new ones. Their work is only half understood 
by soil bacteriologists, and farmers are only just beginning to 
believe in their benefits. Thev attack the tissues of the dead 
plants and hasten their decay; the plant-food is thus rendered 
available to crops. Certain bacteria bring on chemical changes 
which result in making nitrogen available for plants. Other 
kinds produce other series of changes. There exists among soil 
bacteria a specialized division of labor. 

If the sample of soil be baked in a hot oven until well heated 
through, the bacteria and other organisms will probably all be 
killed. Such a soil would then be much less productive, and if 
no bacteria were allowed to enter such a lot of soil, its productivity 
in the growing of crops would soon be reduced to a minimum. If a 
little soil containing a number of kinds of bacteria were added 
the whole mass would again become thoroughly alive with them. 
Under favorable conditions the process of reproduction of bacteria 
by division is very rapid. The process of division takes place 
within a few minutes. Simple calculation will demonstrate the 
great number which may be produced in a single day from a small 
beginning. It Is estimated that a small handful of good soil may 
contain as many as a billion or more micro-organisms. 

Soil Inoculation.— ^The process of adding certain desirable 
bacteria to a soil for any particular purpose is called " soil inocu- 
lation." It is well known that certain bacteria enable alfalfa to 
acquire nitrogen from the air. A different kind enters into partner- 
ship with the roots of red clover. Still other kinds help other 
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members of the clover family to accomplish the same purpose. 
Each of thei?e makes its host plant more thrifty and productive. 
See the nodules on the roots of soy bean in figure 59. These are 
full of bacteria. The fanner is thus enabled to introduce into 
any field the bacteria which will be most helpful to the member 
of the legmne family which he wishes to grow. If alfalfa, for 
example, has never been grown upon a certain field, the most suit- 
, able bacteria for this crop may 
: be introduced by spreading 
. upon the field a few hundred 
pounds per acre of soil from'an 
, old alfalfa field. This should be 
done under favorable condi- 
tions, as when the sun is not 
' shining. The topdressingof soil 
is harrowed in to mix itwiththe 
othersoil. Therapidmultiplica- 
tion will soon thoroughly inocu- 
late the whole mass, resulting in 
great benefit to the alfalfa crop 
as soon as it begins to grow. 

Pure cultures are sometimes 
used for inoculation of soils. 
Bactt'ria for this purpose may be 
grown under favorable condi- 
tions in laboratories and applied 
to the field in different ways. 
The seed to be sown may be 
treated with water containing 
Fia 59.— A »)- bun nitmicn (iictnry. bacteria or some soil may l>e so 
l^cilZ inThf?,-/. 'n^atel'intri'o'li.tMat trcatedaud spreadupon the field. 
(Ptod^livt^F^inBT '"' ""''''°' ""'""■ The cost of such pure cultures is 
so great that the natural soil 
method first mentioned is usually preferred. 

Air in Soils.^The presence of living organisms La the soil re- 
quires ventilation not only for their own existence, but in order 
that they may accomplish the work which they do. Bacteria 
which change nitrogen into nitrates could not do so without the 
presence of oxygen. It has long been oliserved that air is neces- 
sary for the germination of seeds and for the growth of roots of 
farm and garden crops. 
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Air is able to circulate or move among the soil particles, if the 
soil is in good physical condition. For the best growth of crops 
the soil must allow the entrance of fresh air to supply oxygen. 
A fresh supply of atmospheric nitrogen to be worked upon by 
nitrogen-fixing bacteria is brought into the soil through the venti- 
lating process. Air which has once been used must be removed; 
thus an excess of carbon dioxide may be liberated from the soil 
by ventilation. 

There are a number of forces constantly active which tend to 
aid the movements of air in soils. Each change of temperature 
is helpful. Some days the air is heavy and other days it is light. 
These changes will condense or expand the soil air. The action 
of wind, particularly on a hillside, has a strong influence. As rain 
water entera the soil it may not only carry air in solution but also 
draw air downward through the openings left behind it. Under- 
drains may take away surplus soil water and leave pores to be 
filled with air. Ventilation often follows the channels left by de- 
caying roots. 

If a field becomes hard and dry the crust may be broken by a 
cultivator, harrow or other implement. This will allow air, as 
well as rain water, to enter more readily. Deep tillage will also 
greatly increase the amount of air space in the soil and aid in its 
ventilation. 

Soil Grains. — ^The finest particles of those portions of the soil 
formed from rocks are called clay. The next finer are called silt, 
and those coarser than silt are fine sand or coarse sand. Gravel 
may also be present in the soil. These particles of rock are larger 
than sand and are usually not considered a part of the soil at all. 
Following are the sizes of such soil particles as are used in soil 
analyses (mm. indicates milimeters in diameter) : 

Clay 0.005 to 0.0001 mm. 

Silt 0.05 to 0.005 mm. 

Very fine sand 0.1 to 0.05 mm. 

Fine sand 0.25 to 0.1 mm. 

Medium sand .0.5 to 0.25 mm. 

Coarse sand .1 to 0.5 mm. 

Fine gravel 2 to 1 mm. 

Disintegration of Rocks. — ^There a number of forces or agencies 
that work in nature tending to disintegrate both large and small 
rocks and make them into finer particles which may finally be- 
come useful in helping to form soils. Among these agencies com- 
monly seen about us are the action of running water; the freez- 
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ing of water; the work of air; the action of the sun and he-at; the 
action of growing roots; the agency of plants; the work of earth- 
worms, insects and burrowing animals. The action of the ancient 
ice sheets called glaciers had a mighty influence in grinding the 
rock of the northern part ot this continent. No other single in- 
fluence has been so great. 

Soil Movements. — The ancient glaciers not only ground up 
rocks but moved them from place to place. Much soil was carried 
by the moving ice. Soils became mixed. The Kurface contour 
was greatly changed. High places were ground oflf and moved 
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away. Valleys were filled and at melting-points moraines were 
formed. These were sometimes in the form of hills, long ridges, 
or occasionally served as dams acros-s valleys. Water was im- 
pounded in the form of lakes. The long chains of lakes of Minne- 
sota, New York, Canada and elsewhere were thus formed. 

Running water has ever htxn a mighty force in the movement 
of soil (Fig, 60), Very heavy rain may form streams which carry 
with them large quantities of clay and .silt. In regions wliere 
the natural streams are muddy much movement of soil has taken 
place. In regions where the streams are clear less soil is being 
carried. 
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Id the hilly sections fnrmers are compelled to face the problems 
of soil erosion. The natural efforts of running water to carry 
away the surface soils of fields should be prevented so far aa pos- 
able (Figs. 61 and 02). Thi.s is done by the use of cover crops on 
fields; by the use of the steep hillsides for wood lots; by terracing 
cultivated fields; by plowing and cultivating along level lines at 
i^ht angles to the slopes, instead of up and down the slopes. 

Wind is a mighty force in the movement of soils, particularly 
in dry climates or during dry seasons in the humid climates. Crops 
are sometimes blown out by the roots. Hills may be removed in a 
sii^Ie day and others as quickly constructed. The influence of 
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the wind is greatest upon such soils as do not retain moisture 
readily and those which do not have much binding material. For 
jast these reasons sandy soils sire more frecjucntly blown by winds 
than clayey soils. To prevent the blowing away of the surface 
soil fields should be kept well covered with a growing crop, par- 
ticularly in dry seasons when the danger is greatest. 8helterc<l 
belts of growing timl)er will be helpful. Such are strongly recom- 
mended for use in the prairie states. The addition of humus to 
soils will cause them to hold moisture better and thus prevent 
blowing. When fields are plowed late in the fall they may be left 
rough and thus be less damaged by plowing than when harrowed. 
Soils Classified. — Many kinds of soil are in use by man in the 



76 SOILS AND THEIR USES 

production of crops. They may be classified according to fineness 
into sandy, loamy, and clayey soils, according to the proportions 
of sand, silt, and clay present. This classification is based en- 
tirely upon the size of the inert particles present. A sandy soil 
is coarse, loose and open. A clayey soil contains much silt and 
clay, and is therefore verj' fine, close, and compact. Loams are 
intermediate twtween these two extremes. 

If the soil particles are formed from the crumbling of limestone 
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they may be designated as limestone soils. They usually have the 
characteristics of clay loams, but are darker in color. Peaty soils 
are those which contain a very great proportion of v^ptable matter 
in a more or less perfect state of preservation. They may be 
formed in bogs where the presence of water prevents decay. On 
exposure to air the decay may be very rapid. The color is usually . 
black or dark brown. 

In like manner, other soils may be given special names referring 
to special characters which they exhibit. 
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According to fineness of the rock particles present, common 
soils may be arranged as follows: clay, heavy clay loam, clay loam, 
loam, sandy loam, light sandy loam, fine sand, medium sand, 
coarse sand, gravel (P. 73). 

Special Use of Sandy Loam. — Sandy soils are usually poor in 
plant food as compared with clayey loams. Because of their loose, 
open texture they do not hold water well. Air passes through 
them readily and, if the weather is dry, crops will suffer for want 
of moisture on such soils sooner than on those containing more 
clay. Because of their loose, opeii texture sandy soils are quicker 
to warm in spring by the entrance of warm air. This makes them 
well adapted for use in the growing of early spring vegetables. 
Market gardeners find such soils most profitable. In wet seasons 
sandy soils are much to be preferred for general farming, as crops 
do not suffer so much from heavy rains. Their drainage is natural 
and they dry out quickly. They seldom become cloddy, even if 
plowed during wet weather. 

Heavy Clay Loams. — ^When clay soils are wet they are sticky 
and likely to become cloddy if plowed before they are sufficiently 
dry. It is difficult to keep such soils in proper condition. They 
are well adapted to the growth of grains and grasses, and are used 
for general farming, hay and grazing. They are very properly 
called **cold soils," because moisture and air do not pass through 
them readily. In dry seasons general crops may suffer less than 
on sandy soils, but if much clay be present the surface is likely 
to become baked and crusty. This is very detrimental to the 
best growth of crops. Great care must be exercised to keep the 
surface in proper condition by tillage. Because of the diflSculty 
in plowing clay soils, and because of their sticky condition, they 
are spoken of as "heavy soils" in contrast with sandy soils, which 
are called "light." Clay soils with much gummy substance are 
often called gumbo. 

Limestone Soils. — Soils derived from limestone contain the 
important plant food calcium. Lime is usually considered a 
valuable asset in soils. It improves the physical condition of 
both heavy and light soils. It aids in the decay of vegetable 
matter and in the hberation of plant food from it. It neutralizes 
acids and certain other poisonous substances in soil. The texture 
of limestone soils is usually very good. They are easy to work 
and usually well adapted to general crops and fruits. 

Lime may be added to soils in a caustic condition in such 
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quantities as to liberate plant food too readily. Sandy soils are 
more likely to suffer under such treatment than clay soils. The 
liberated plant food may be lost from the sandy soils more readily 
than from clay soils. If the lime be in a carbonate form the liber- 
ation of plant food and the rotting of vegetable matter is slower 
and the growing crop may use the food as fast as it is liberated. 
There are a few special crops, such as cranberries, watermelons, 
and others, which prefer acid soils. These do not thrive on soils 
where much lime is present. 

Four Great Soil Types. — ^There are a number of special soil 
types which have been studied and mapped by the Bureau of Soils 
and which are well known in the sections where they occur. 

Four of these occur abundantly in the Central States. 

1. Fargo clay loam is the principal soil in the Red River Valley. 
Similar soil is found in a few other ancient lake basins, in North 
and South Dakota and in Minnesota. These are all formed of 
glacial sediment. The soil is deep, and rich in humus. The color 
is dark brown and the texture that of a clay loam. Particularly 
because of the climatic conditions these soils are abundantly used 
for the growing of spring wheat, barley and oats. Flax was 
formerly much grown. 

2. Marshall sUt loam covers an extensive area from central 
and western Indiana through northern Missouri, southern Iowa, 
eastern Kansas and west beyond the center of Nebraska. In this 
extensive area it is the most conunon type of soil found. The soil 
is well supplied with humus, is very deep and varies in color from 
brown to black. It is a loose, silty loam and is easily tilled. It is 
the best com soil of any extended area. It is the best soil for this 
purpose in the great corn belt. 

3. Carrington loam is the prevailing soil over the northern 
region between the Missouri and Mississippi Rivers, including 
the eastern portions of North and South Dakota, outside of the 
Red River Valley, southern Minnesota, and northern Iowa. This 
loam is of glacial origin. It is loose, deep and usually dark or 
black in color. The soil is well suited to the growing of corn where 
the climate will permit. Spring wheat is the most important crop 
of the region; others are flax, barley, oats, winter wheat and hay. 

4. Miami clay loam was the natural forest soil of southern 
Michigan, eastern Indiana, and wesiem Ohio, with limited areas 
in Iowa and in Wisconsin. The soil is of glacial origin and is of a 
heavy clay or silty texture. It varies in color from dark brown to 
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yellowish or grayish in color. The surface soil varies from eight 
to twelve inches in depth. The area is adapted to general farm 
crops, with hay taking the lead. Permanent pastures are very 
successful and the associated industries of dairying and stock 
raising are extensively carried on. The chief grains grown are 
winter wheat, corn and oats. 

Special Crop Soils. — ^A number of soils occupying much smaller 
areas than the four just described have been studied with refer- 
ence to crop adaptation. Some of these are well suited to special 
crops. The soils of the Portsmouth series are adapted to small 
fruits and somewhat used for late truck. The soils of the Porter 
series in the Blue Ridge section are used for apple growing. The 
Norfolk fine sand, of the Atlantic coastal plain, is best suited to 
the production of early truck crops. The Wabash clay loam of 
the Mississippi delta is specially suited to the growing of sugar 
cane. Crowley loams of Louisiana and Arkansas are well adapted 
to rice-growing. The Clyde soils, of southern Michigan, are used 
for such special crops as celery, onions, and sugar beets. The 
Dunkirk series of soils of the lower Great Lakes are used for 
orchards, vineyards, and general farm crops. 

FIELD AND LABORATORY EXERCISES 

1. Field and Weed Seeds in Soil. — ^Try to prove that there are live seeds 
in chance samples of garden soil. Put the soil in favorable condition for ger- 
mination, keeping the moisture and temperature favorable, and see if any 
seeds germinate. 

2. Germs in Soils. — ^Examine a sample of garden soil for organic life by 
testing the presence of mold germs. This mav be done by taking two samples 
of the same soil in two cans. Place one of these samples in an oven for half 
an hour to kill all spores or other life present. Then in each can place a piece 
of treshly toasted bread or freshly baked biscuit. Moisten these with water 
that has been boiled and cooled. Cover both cans alike to exclude mold from 
the air. Set them on a shelf and await developments. In which one does 
mold develop first? The bread in this case serves as food on which the mold 
can grow. 

3. Bacteria and Growth. — Sterilize two samples of soil as in the above 
exercise. In each plant wheat and moisten both with water which has been 
boiled and cooled and is free from bacteria. Compare the grow^th in the two 
lots of soil. 

4. Bacteria Cultures. — If conditions are favorable for making bacteria 
cultures, test samples of garden soil by making cultures from them. 

5. Soil inoculation may be illustrated by taking two flower pots which are 
filled with the same kind of soil. Sterilize both of tnese in the oven. Into one 
of them introduce a culture of clover bacteria by taking a few ounces of soil 
where clover is growing thriftily. Stir it into a pot. Then plant clover, using 
the same number of seeds for each pot. Compare the clover for the next six 
or eight weeks, taking care to keep the moisture conditions and temperature 
favorable for clover. 

6. The above exercise may be varied by using an artificial culture for clover 
obtained from the United States Department of Agriculture. 
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7. Test the value of air in soils by growing two lots of com in two pots, 
one under favorable conditions of reasonably loose soil, and the other using 
heavy clay soil which has been puddled by mixing when very wet and the air 
has been almost entirely driven out. The air may be excluded by keeping the 
clav soil very wet. In wet seasons such adverse conditions are often found 
in low spots of com or cotton fields. 

8. Soil CoUectioa. — Make collections of all the types of soils available. 
Classify these and put the proper labels on them. 

9. Soil Grains. — If microscopes are available, study the soil grains of 
clay, silt and fine sand. Compare them as to size and as to their tendency to 
cling toother. 

10. Soil Analysis. — ^We may analyze a sample of soil in a cmde way by 
placing, say, ten grams or ^ oz. in a bottle of water. Pour off all the wat«r 
into another bottle, or drain it off with a dass siphon, leaving the coarsest 
sediment in the bottom of ths first bottle. Snake the second bottle a few times 
and allow it to stand for thirty seconds and draw off the water into a third 
bottle, leaving a finer sediment in bottle Number 2. Continue this separation 
of the soil until notliing but the finest clay is left in the water. If we wish to 
determine the exact amount of soil of eacn degree of fineness, the water from 
each mav be evaporated, and the ^ains may be carefully weired. Compare 
this with the table showing the sizes of soil particles given m this chapter. 

11. Comparative Study of Soils.— Obtain several samples of soil from 
different fields. Rub a bit of each sample between the thumb and finger and 
decide as nearly as possible which sample contains the most clay and which 
the most sand. Which seems to contain the most organic matter. For this 
purpose the fingers should l^e wet as each sample is examined. 

12. Soil Types,— The school should provide itself with samples of soil of 
each of the ^reat soil types. A bulletin describing the soil types of America 
may be obtained from the Bureau of Soils, United States Department of Agri- 
culture. Send for samples of these soils by writing to friends or prominent 
teachers who live in each of these soil areas. The samples may then be used 
for comparative study and in contrast with the soils in the vicinity of the school. 

QUESTIONS 

1. Describe what soil really is. 

2. What are the advantages of organic matter in the soil? 

3. What are the effects oi bacteria in soils? 

4. Describe an exercise to show the difference between a sterilized and an 

unsterilized spot of soil. 

5. Describe the method of soil inoculation. What other methods are there? 

6. Of what importance is air in soils? 

7. Give some idea of the range in size of different soil grains. 

8. Name the kinds of ^ains in order of size. 

9. What are the agencies at work in the movement of .soil? 

10. What are some of the special uses of sandy soils and sandy loam? 

11. Give the special adaptations of heavy clay loams. 

12. What family of plants is best adapted to limestone soils? 

13. Tell briefly what you can of the Fargo clay loam. 

14. Where is Marshall silt loam found? What croj)s are suited to this region? 

15. Tell what you can of Carrington loam and its uses. 

16. Tell what you can of Miami clay loam and its uses. 

References. — U. S. Fanners' Bulletins: 245, Renovation of Worn-out 
Soils. 257, Soil Fertility. 494, Lawns and Lawn Soils. Soil I^lwrator^v 
Manual, Eastman & Davis, J. B. Lippincott Co., Philadelphia Soils, Their 
Properties and Management, Lyons. Fippin and Buckman. The Macmillan 
Co., N. Y. Soil Physics and Management, Mosier and Gustaison, J. B. Ijppin- 
Gott Co. 



CHAPTER VIII 

WATER m SOILS 

It is difficult to comprehend the importance of water in soils. 
Not only must the water be present in the right amount, but the 
condition in which it exists during the growth of plants affects 
their development. The annual rainfall in any region may be 
abundant for the growing of crops if it were distributed evenly 
throughout the growing sea3on. It is found that in many sec- 
tions of this country the greatest rainfall is during the dormant 
season, and much of the growing season is without sufficient rain. 
Long dry periods are frequent during the sunmier when plants 
are in greatest need of water to maintain their rapid growth. 

Water Required During the Growing Season. — Much of the 
rain which falls during winter or when there are no plants growing 
upon the fields may be lost by running off or percolating to great 
depths. Much less of the rain which falls during the spring and 
summer, when growing plants occupy the field, will be lost. 

By* a niunber of trials King showed that the average amount 
of water used by various crops during their growth, to produce 
one ton of dry matter, was as follows: Oats, 504 tons, or nearly 
40 inches; Barley, 464 tons, or nearly 21 inches; Clover, 576 tons, 
or 22 inches; Potatoes, 385 tons, or nearly 24 inches; average of 
these four crops, 482 tons, or 27 inches. The number of inches of 
rainfall is not proportional to the tons of water for a ton of dr>' 
matter, because of the variation in yield in these crops. 

Average Annual Rainfall. — The average annual rainfall in the 
humid sections of this country is much greater than this average. 
The Pacific Coast of Oregon and Washington has fifty to sixty 
inches of rainfall annually. This amount i« also found in the 
southeastern states, along the coast from Louisiana to Virginia. 
It exceeds forty inches throughout the eastern states as far west 
2L^ southeastern Kansas, Oklahoma and eastern Texas. In most 
of the region west of Minnesota and the western third of Nebraska, 
Kansas and Texas the annual rainfall is twenty inches or less. As 
we go westward this amount is seldom exceeded in any locality 
until we reach the central lines of Oregon and Washington, and 
the western line of Nevada. 

6 81 
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Wheat requires a little less water than the other snail grains. 
It has been shown by King that if the rainfail be well distributed 
through the growing season twelve mches is sufficient to produce 
a heavy yield of wheat. Wheat is grown in some r^ons where 
the rainfall is too light for a number of other field crops. Note 
the manf^ement illustrated in figure 63. 

The most important lesson, however, to be learned in the 
study of crop requirements is the fact that the rainfall Is not 
evenly distributed and that regions with twenty or thirty inches of 
annual rainfall will not produce good yields of wheat, or corre- 
sponding yields of other crops. So much of the rain comes at a 
season when it is lost instead of being used by crops. A part of 
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the rainfall may be saved over till the growing season by fall 
plowing, as shown in figure 64. It is more important to know the 
amount of rainfail during the growing season than to know the 
total annual rainfall, but even here we may he mbled by the 
figures, as much of the rain which comes during the early spring 
or summer may be lost in streams or by percolation through loose, 
open soils. 

Three Conditions of SoU Water. — The water which soils con- 
tain may be: (I) free water, (2) capillary or heavy film water, 
(3) hygroscopic or fine film moisture. 

Free water is that which can be plainly seen as water when 
the soil is handled, or when openings are made as for post holes or 
wells. When the soil is saturated with such water, field crops 



THE BENEFITS OF FREE WATER 83 

oannot make use of it. Ita presence excludes the aJr so that most 
farm crops cannot thrive, until the surplus water is removed. An 
abundance of free water may wash out valuable plant food in 
solution. 

If the free water stands at a level in the soil of say two feet 
below the surface, such level is called the free water table in the 
soil. In practically all field conditions the free water table is 
constantly moving. After a period of heavy rains it may be near 
the surface and during dry weather may recede to a great depth. 
In ref^ons where wells are shallow the depth of the water table is 
practically that of the surface of the water in the wells. In the 
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spring after the heaviest rains have ceased It is a good plan to 
determine the depth of the free water table. This may be done 
by digging holes a few feet deep as if for the setting of fence posts. 
The Benefits of Free Water.— Probably the greatest benefit 
of free water to the growing crop comes from the replenishing of 
other forms of water in the soil from it. As the capillary water is 
used up by plants, more is supplied from the soil below the water 
table, if the distance i^ not too great. A secondary advantage 
sometimes exists by the free water washing away injurious sub- 
stances in the soil. This is apparent where the soil coutainB 
alkali, aa in some of the arid regions. 
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Capillary Water. — Above the free water table in the soils and 
in surface soils after mns, the capillary water may exist in large 
quantities. Each of the many grains of soil has surrounding it a 
film of moisture. These hlms alwut the grains are thick enough to 
allow the moisture to readily move from moister to drier parts. 
This process is called capillary movement. It may Ije illustrated 
by the oil of a lamp moving upward through the wick to the flame. 
A soft cloth placed with one end in a vessel of water and the other 
end outside may draw the water out of the vessel. The cloth over 
the edge of the vessel cannot be said to contain free water, because 
it is so finely spread out in films over the fibers of the cloth. 

An ounce of sandy soil cont^ns about sixty billion particles 
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and an ounce of clay loam contains about four hundred billion 
particle-, it is possible for a comparatively large amount of water 
to be held in soils when we consider that the number of particles 
is BO great. The amount of capillary water which a soil may hold 
depends somewhat upon the size and numter of grains in it. A 
clay soil will always hold much more capillary water than a sandy 
soil, because of the greater numl>er of particles in it (Hg. 65). 

The capillary film of water may readily move from soil grain 
to root surface and root-hairs. It is in this condition chiefly that 
plants make use of soil water. Free water must first l>e changed 
to the capillary condition before field crops can use it. Capillary 
water contains the plant food for roots to absorb. Soils wet with 
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capillary water may contain air in the intervening spaces. This 
allows the constant work of bacteria and other soil organisms. 
This condition is affected by tillage. If the soil be puddled by 
plowing it when it is too wet the particles may be pressed so firmly 
together that much air is excluded. If conditions are favorable 
at the time, the operation of plowing or harrowing will allow more 
air to enter. 

Hygroscopic Moisture. — ^This may be termed fine film moisture. 
The film about the soil grains is so thin that it does not move by 
capillary action from one part to ariother, and from the grains to 
the root surface. If a sample of air-dry soil which has the appear- 
ance of dust be heated in a test tube over a flame, moisture will 
be seen to collect above the dust on the sides of the tube. This 
water had existed in the form of hygroscopic moisture on the soil 
grains. It is thus seen that water in such fine films can be caused 
to move from place to place through the action of heat. Air in 
the soil may become saturated with such moisture when the soil 
is very warm. At night, as the surface cools, this soil air miay 
deposit some of its moisture upon the cold grains near the surface. 

Hygroscopic moisture is of value to the plants by keeping the 
plant food in solution during dry weather. It helps to maintain 
the life of plants in arid regions, and during dry seasons in hmnid 
regions. If the amount of soil moisture be reduced to this condi- 
tion the plants cannot thrive. Its presence in the soil will cause the 
soil to take up water more readily when rains occur. A soil which 
is absolutely dry will not take up water quickly. As soon as each 
particle has a thin film about it this may be increased through 
capillary action as soon as water is supplied. 

Movements of Soil Water. — Free water moves do\Miward 
through soils by the force of gravity. For this reason it is some- 
times called gravitational water. The process may be called 
percolation. When such water carries with it certain plant food, 
or other ingredients in solution, these substances are said to be 
carried away through the pores by * 'leaching. '' 

It is evident, from what has already b(»en said, that capillary 
water moves by capillary action. This may be in any direction 
in the soil. It is natural, however, to think of it as being chiefly 
upward or laterally. But it may be downward also, as when a 
light rain occurs upon a rather dry field, the water near or at the 
surface is distributed among the soil grains below, through the 
capillary process. 
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The process by wWch hygroscopic moisture moves is called 
thermal movement. This is tiecause the internal evaporation and 
condensation of such moisture in the soil is due to the difference 
in heat. More beat causes evaporation and less heat causes con- 
demtation from the soil air. 

Water-holding Power of Soils.— No reference is here intended 
to the capacity of a soil for free water. The only form of wat<?r 
that is valuable to plants is that in capillary condition. The more 
capillary water a soil can hold the better it can produce crops. 
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It is therefore highly important that a farmer or gardener should 
endeavor to increase the capacity of his soils for holding capillary 
water. This he can do in a number of ways : 

1. Deep tillage will f^eatly increa.se the ^r space and allow 
the soil to hold more eapillarj' moisture (Fig. 66), Portions of 
the soil which are not stirreti by the plow l)ecome so closely paclced 
together that the capacity for capillary films is greatly reduced. 
Soil grains gatheo together in compound particles, and if this con- 
dition is prevalent in any soil the result may be that of having 
very coarse particles. Coarse soils hold less moisture. IHUage, 
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which breaks up the compound particles, pulverizes the clods, 
and breaks up the solid or packed masses, will allow the soil 
to hold more moisture. The modem deep-tillage machines which 
stir the soil to a depth of 12 or perhaps 24 inches are among the 
most successful machines for the deepeningof the "water reservoir." 
Heavy clay soils become very compact below the level of ordinary 
plowing. The use of subsoil plows will loosen the soil and subsoil 
to a greater depth and ii done when the soil is not too wet wiU 
deepen the root bed and otherwise increase the moisture capacity 
of the field. 

2. Humus in soils increases their water-holding capacity. We 
have seen that clay soils will hold much more capillary moisture 
than sandy soils. A rich, black soil containing an abundance of 
well-rotbed organic matter will hold four, or five times as much 
moisture as a heavy clay soil, if both are in well-drained vessels 
where the free water may fall away. The amount of humus in 
any soil is largely within the control of the owner. It may be 
readily increased by plowing under barnyard manure, straw, vines, 
weeds and other farm wastes, green manure and special crops 
grown for the purpose. . The best systems of farming are 
those in which suitable rotations are established whereby certain 
crops are grown during the rotation to be plowed under for this 
purpose. Sods, resulting from the growth of grasses for hay or 
pasture, will produce much humus in the soil when plowed under. 

3. Underdrainage has its effect upon the amount of water 
available to plants. If the free water table be near the surface 
roots can feed to only a shallow depth. If the water table be 
lowered by underdrainage the soil space above the deep water 
table will be suitable for the growth of roots. The amount of 
capillary water which the roots may obtain is thus greatly in- 
creased. If by any natural or artificial means the water table is 
lowered to a very great depth the free water will not readily re- 
plenish the capillary moisture as fast as it is used up by roots. 

4. In the soils of arid regions perhaps no free water table can 
be found at certain seasons of the year. The soil a few feet below 
the surface may be drier than that above it. The problem of in- 
creasing the capacitj*^ of the soil in such cases is chiefly that men- 
tioned in paragraphs 1 and 2; but if the soil be very open and 
porous the moisture during the rainy season will penetrate to 
great depths and be lost from use of the crop>s which are soon to 
be planted. If such loose soils are firmly packed by the use of 
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very hesvy packers, rmn water will be prevented from percolating 
so readily and much of the rainf^l may thus be held among soil 
particles within a few inches or a few feet of the surface. Such 
management of arid soils is known as "sub-surface packing." 
The packers used for this purpose are heavy rolls of some form 
with a rough surface. Three m^n types are in use: Some have a 
number of heavy cast wheels with fluted rims; some have a number 
of heavy cast wheels with V-shaped rims; some have ribbed sur- 
faces made with iron pipes or bars. 

CONSERVATION OP MOISTURE 

Since much of the r^n water which falls in a ^ven region is 
lost t^ surface run-off, or by evaporation, and by rapid percola- 
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tion; and since there is much suffering from droi^hts, even in 
humid regions, it is essential that every practical means be used 
to save the moisture which falls during wet seasons. Amoi^ the 
sources of loss of moisture which are largely within] the control 
of the farm manager, are: (1) evaporation through baked and 
crusty soils; (2) run-off is increased by bad management; (3) the 
growth of weeds; (4) reduction of the humus content of soils; (5) 
failure to loosen packed soils; (6) failure to pack loose soils; (7) 
failure to check winds. 
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Dust Mulch. — Evaporation of soil moiBture, particularly dur- 
ing the hot, growing season of the year, is one of the greatest losses 
of the farm. The modem methods in vogue in semi-arid regions 
tend to prevent this loes. They are just as applicable to htimid 
regions during the growing season, because of the droughts which 
usually occur. If the surface soil be kept loose so that the capillary 
contact of the particles is broken, the loss through surface evapora- 
tion is greatly reduced. Such a condition of the surface soil is 
spoken of as a dust mulch. It can be readily produced by the use 
of a harrow. The surface soil may be easily kept in this fine broken 
condition before crops are sown, by the frequent use of a harrow 
(Figs. 67, 68). In the so-called hoed crops, such as com, cotton, 
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potatoes, tobacco and others, a fine-tooth cultivator may be used 
to stir the soil very frequently and thus prevent the formation of 
a crust. 

The student should understand that a crust formed upon the 
surface of soils, by drying rapidly after heavy rains have packed 
the particles t<^ther, is very detrimental to the growth of all 
crops. Such a crust causes very rapid evaporation of soil mois- 
ture. The particles are so close together that the capillary climb 
of water is direct and rapid. As soon as the ground begins to dry 
enough to allow the use of a harrow or light cultivator these im- 
plements should be used. The farmer who allows a crust to form 
on any field loses water which the crop will need later. The same 
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Operation which prevents the fortnation of the crust aj»d stops 
evaporation will also be efifective in caueing the water to penetrate 
a little deeper into the soil where it may be saved for use of the 
crop during dr>- weather. It may thus he seen that if the harrow 
or cultivator be used at the proper time it accomplishes two 
important purposes in the saving of soil moisture. 

UJdging up the surface causes it to lose water more rapidly 
because the exposure to the air is much Kreat«r (Fig. 69). 

Cover Crops. — If hillsides are constantly clothed with growing 
crope there will be leas soil erosion. The water and the soil which 
would both be wasted are held by such cover crops. The roots of 



the cover crop allow water to enter the soil more readily. The soil 
will thus take up much more water and take it more quickly than 
if the ground were bare. This drinking in of the water is made 
more rapid also by the mellow condition of the surface soil. A 
(^over crop prevents the surface from baking or Ixicoming crusty. 
During a heavy rain the soil is not packed by the heavy patter of 
rain drops, because of the protection given to the surface by the 
growing cover. 

The most important time for having a cover crop upon any 
hillside field is during the rainy season. The use of winter cover 
crops which are started in late summer, before the main crops are 
harvested, is practiced in modem farm management, and should 
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be emulated. Small grains, such as winter wheat and winter rye 
for the north, and winter oats for the south, serve well the pur- 
pose of a winter cover. These small grains may have mixed with 
them for this purpose such legiunes as may be suited to the sec- 
tion where they are used. Crimson clover and winter vetch do 
well in the middle and southern states. Seed for such winter cover 
crops may be mixed and sown between the rows of corn, cotton, 
tobacco, sugar cane and other cultivated crops. As soon as the 
main crop is harvested the growth of the cover crop becomes more 
vigorous and a fine cover for winter conditions is produced. 

Besides these benefits of cover crops there are several other 
uses discussed in Chapter IX. 

Adding Humus. — ^The presence of humus in all kinds of soils 
improves them in a number of ways. We have already seen that 
humus increases the water-holding capacity of both clay and sandy 
soil. Soils containing a large proportion of humus will receive 
the rain water more readily than those containing little hiimus. 
If the rain falls rapidly this characteristic of soils is very impor- 
tant. Much surface run-oflf is thereby prevented. 

As soils containing little humus \^ill absorb much less water, 
they soon become saturated by continuous rains. If other rains 
follow upon this condition the soil is either washed away in masses 
or rivulets will be formed, cutting gullies down the hillsides, and 
torrents of water may rush to the valleys, bearing with them much 
valuable plant food and soil materials. The addition of humus to 
the soil tends to prevent all of this, as much more water will be 
held by the soil and washing will not take place until the soil be- 
comes saturated. Methods of adding humus have been mentioned 
in Chapter VII. 

Wind Breaks and Shelter Belts. — In all climates wind causes 
much loss of soil moisture. Water which is once taken into the 
soil should not be allowed to escape by evaporation from the sur- 
face, if it can be prevented. One method of reducing surface 
evaporation is by using wind breaks or more extensive shelter 
belts. In a level region the influence of such a barrier will be ef- 
fective for a distance of ten or twelve times the height of the wind 
break. Within this area the evaporation of water will be greatly 
reduced because of protection from rapidly moving air. Crops in 
this area will suffer less from drought because of such protection. 

A number of crops will thrive better when they are not dis- 
turbed by wind, and the presence of an abundance of soil mois- 
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ture makes them all the more thrifty. Truck crops, orchards and 
other fruit plantations usually thrive better under such protection. 

One objection which is often raised to the growing of wind 
breaks neiar fields or crops is the drying effect of the trees on the 
soil very near them. This is sometimes prevented by digging a 
trench two or three feet deep between the trees and the growing 
crop. This should be a few feet from the tree trunks. Surface 
roots are thus cut and prevented from drawing moisture from the 
soil beyond the ditch. The roots of trees will send out many 
fibrous branches where they have been cut, and it will require 
several years for them to draw moisture from a distance l)eyond 
the ditch. Of course the ditch is not left open. It may be reopened 
every five or six years and closed inunediately. By this method 
the roots of the growing wind break are turned and the moisture 
is conserved for the use of the money crop. 

In prairie countries the wind break may be made wide enough 
to produce a crop of its own. Such may be made wide shelter 
belts and produce timber for posts, poles, lumber and fuel. It is 
believed that such shelter belts will be profitable in themselves, 
aside from the benefits they give to the adjacent cultivated fields. 

FIELD AND LABORATORY EXERCISES 

1. Distribution of Rainfall. — Obtain weather reports covering your region 
and find the average annual rainfall. In what months does most of the rain 
occur? What are the dry months for your section? What years in the last 
ten have been considered wet years and what ones were dry years? If the hot, 
dry months are during the growing season, what is the conclusion regarding 
the need of saving moisture in the soil? 

2. Depth of Water Table. — During the wet season of the year dig a post 
hole in the field or yard and determine, if possible, the depth of free water. 
Protect the post hole from being filled up by placing a board or flat stone over 
it. From time to time examine and see if tne free water has disappeared or 
has reappeared during the changes of weather. 

3. Capillary Action of Soils. — Compare two samples of soil in their capil- 
lary action. Use sand for one and clay for the other. Place them in two lamp 
chimneys, with a cloth tied at the bottom of each to hold the soil. Place botn 
at the same time in a dish of water and note the rise of water in each. Is this 
water climbing in the soil capillary water, free water or hygroscopic water .^ 

4. Moisture in Dust. — Take a sample of dry road dust. Put it in a test 
tube. Place a little wad of paper in the mouth of the tube to partially exclude 
the air, and heat the sample over a flame. Note the moisture which collects 
near the top of the tube because it is the coolest part. Such moisture when 
found in dry road dust or other dry soil is called hypxjscopic moisture. The 
films on the soil grains are finer than in capillary moisture. 

5. Percolation in Different Soils. — Place a sample of clay and a sample of 
sand packed ahke in two lamp chimneys of the same size, and having cloth 
tied imder each to hold the soil. Set them in a dry pan, and pour water in 



QUESTIONS 93 

the top of each equally, and keep a good supply of water in the top of each. 
In which soil is the downward movement of the water most rapid? 

6. Water-holding Power of Soils. — In the above exercise, the amount 
of water poured into each may be measured, and the pourine may be con- 
tinued until each lot of soil has taken up all the water it.will hold; that is, until 
all the soil is wet and the surplus water begins to run through at the bottom. 
The water-holding capacity of the two samples may then be compared. 

7. The above exercise may be varied by weighmg the two samples of soil 
while dry, before any water is poured on. Then weigh the samples after each 
is thoroughly saturated ^ith water. Compare the weights and calculate the 
percentage in each case. 

8. The effect of a mulch may be studied by placing a layer of straw or 
carpet over dry soil in the garden. The next day remove this straw or other 
mulch and compare the soil which has been thus covered, with that around it. 

9. Take two deep boxes of soil, say six to ten inches in depth. The soil 
should be alike in each and should be moistened well when the exercise is 
started. Weigh each. Leave the soil loose by scratching with a kitchen fork 
over the surface in one of the boxes. Pack the surface of the soil in the other 
box with a brick or block of wood so that a crusty surface may be formed. 
From day to day for about a week compare the evaporation by weighing the 
two samples. 

10. Organic Matter Aids in Holding Water. Test the water-holdine 
capacity of organic matter when added to garden soils. To one sample of 
soil adcl half its volume of black humus soil from a peat bog or from a compost 
heap. This is to be compared with another sample of soilwithout the added 
humus. Put them in hunp chimneys and weigh each. . Pour in water from 
above until saturated. Reweigh and determine the percentage in each case. 
This will prove the immense water-holding capacity of humus and organic 
matter. 

QUESTIONS 

1. Tell of the quantities of water required by plants during the growing 

season. 

2. What is the average annual rainfall of your region? How much of this 

falls during the months of crop growth? 

3. Explain how crops can be grown when so little rain falls during the grow- 

ing season. 

4. What are the three conditions of soil water? 

5. What is free water? How can it be detected in soils? 

6. Of what use is free water in soils? 

7. What is the direct use of capillary water? 

8. Tell bow hygroscopic fnoisture may be detected in soil which is apparently 

very dry. 

9. Tell how water in each of the three conditions is moved from place to 

place in the soil. Explain for each condition. 

10. Explain the different ways by which a grower can increase the capacity 

of his soil for holding capillary water. 

11. What are the chief sources of loss of moistiu^ from soils? 

12. What do you mean by dust mulch? Of what use is it? 

13. What relation have cover crops to the moisture-holding power of soils? 

14. How and t-o what extent does humus aid in the holding of moisture? 

15. Explain the effects of wind breaks. 

Reference. — ^U. S. Farmers' Bulletin 266, Management of Soils to 
Conserve Moisture. 



CHAPTER IX 
CONSERVATION AND IMPROVEMENT OF SOIL 

Better farming, better business, better living. — Roosevelt. 

Regions that were naturally forested, but have since been 
cleared by man, have been found to rapidly deteriorate in their 
ability to produce crops. When first cleared they were spoken 
of as virgin soils, and were usually very productive. 

Prairie soils were also much more productive when first used 
by man than after he had made use of them for a number of years. 
Statistics show a great decrease in the yields of wheat, com, cotton 
and other staple crops in the older systems of American agriculture. 
These facts seem to indicate that the systems as followed by man 
have failed to give enough attention to the conservation of the 
soil. The effort of the farmer in the newer sections of the country 
has been to get from the soil as much of its fertility as possible by 
raising large crop's on the land until it would no longer giv^e him 
profitable returns. He then abandoned the land, or left it to others 
who were not so familiar with its condition, and moved westward 
or southward to newer regions. The reaction has now set in. 
Some men from the west are returning eastward. Those in the 
middle states have realized the temporary nature of the methods 
originally followed and are rapidly changing them to more per- 
manent methods. The term ^'permanent agriculture" is now 
often used in the vocabulary of the best farmers in all parts of 
the country. Conser\'^ation of tiie soil is recommended by all and 
few are left to doubt the teachings of the leading advocates of 
soil conservation. The actual practice of these teachings is coming 
more and more to be a reality in American fanning. 

Soil Maintenance. — As crops are removed from the soil, fer- 
tility must be returned. Conditions which reduce the humus or 
bacteria content must be remedied immediately. Activities in 
the soil mast be kept up. Chemical changes which are so rapid 
in a virgin soil must not be allowed to decrease because of misuse 
by man. As many of the soils used by man in all sections have 
already been reduced to a much poorer condition than they were 
when he first began to crop them, the problems with which he is 
now confronted are those of improvement rather than conaerva- 
94 
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tion. The man who buys a *'wom out" farm will endeavor first 
to brmg the soil to the condition which will make it as good as, 
or better than, it was before it was first used for farming. 

The principles of soil improvement are numerous, but they 
may be chiefly grouped under the following headings: better 
tillage; the frequent use of green crops as manure; more frequent 
use of barnyard manure, and more attention to its proper manage- 
ment; drainage of heavy soils, even where the land is not too wet; 
irrigation not only in arid regions but in humid climates; intelli- 
gent use of commercial fertilizers. All of these are considered in 
this chapter with the exception of drainage and irrigation. For the 
latter see the next chapter. 

BETTER TILLAGE 

Plowing of the land is the most expensive operation of farming. 
The actual cost in labor, time and equipment for plowing the 
fields of a given farm is so great that the of)eration is readily 
neglected. Many fields which would be improved by plomng 
once or perhaps twice a year are often put under a system of crop 
rotation whereby the plowing may not be necessary more than 
once in three or four years. A farm manager who is endeavoring 
to improve his soils should study the benefits of plowing and other 
forms of tillage. If he finds that /more frequent plowing would 
greatly benefit the soil he should if possible adopt a system of 
cropping which will give a return in money, as well as in improved 
condition of the field, for the extra labor expended. If the soil be light 
the cost of an extra plowing in a year is not so great as for heavy 
soils. The owners of light soils often find it profitable to plow 
twice a year — once for the turning under of the stubble or other 
remains of the main crop, and once for turning under the green 
manure crops between the seasons of the main crops. In such 
cases the increased money returns come from the increased yields 
of the main crop because of the presence of the green manure. 
The cost of deep plowing is sometimes reduced by the use of a 
tractor (Fig. 70). 

Reference has already been made to the importance of plowing 
soils very deep. Deep tillage has its limits. The importance of 
emphasizing deep tillage arises from the fact that many of the 
"run down'* farms of America are plowed entirely too shallow. 
In determining the depth for plowing a field this is a good rule to 
follow: Turn up very little of the subsoil each time the surface 
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ia plowed; gradually deepen the soil by Increasing the depth of 
tillage each time. By this method a little of the subsoil is very 
gradually incorporated with the surface, and the depth of tilla^ 
id increased without detriment. Too much of the subsoil turned 
up at one time might be injurious, particularly if it be sour or 
contain matter poisonous to plants. It has been said that a 
ma " ivith a forty-acre field which was usually plowed to a 
depth of six inches can double the yields by gradually doubling 
the depth of tillage. Thus, when he is able to plow the field regu- 
larly to a depth of twelve inches he will have in effect an eighty- 
acre field. In fact the management of the forty-acre field, taken 
as a whole, will be much less expensive than if he really had eighty- 



acres plowed to the original depth of six inches. If on^inic matter 
be added from time to time during this process of deepening the 
soil, the increased depth may be attained much more rapidly. 

Disk plows and disk harrows (Fig, 71), have greatly improved 
the method of tillage. Heavy soils turned with the original mold 
board plows are usually nt>t sufficiently crumbled and mixed 
during the process. If the plowed field be thoroughly disked the 
tenacious particles are thoroughly crumbled and mixed. 

The effects of tillage may be either physical or chemical. 
Proper tillage also includes the conditions for soil bacteria. The 
moisture-holding effects of tillage have already been considered. 
Dj'namiting the soil is for moisture effects and is seldom practiced 
except for the planting of trees (Fig. 72). 
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Chemical changes ure often much increased by tillage. The 
more rapidly chemical changes are going on in the soil the more 
rapidly plant food is liberated, as most of the changes tend to 
liberate plant food, or malce it available for use by plants. 

The stirring of soil by plows or other implements exposes new 
surfaces to the sun, air and other weather influences (Fig. 73). 
Obnoxious gases, such as carbon dioxide, may readily escape. 
Nitrogen and oxygen may become combined with chemicals in the 
soil. Particles of lime, phosphorus, or other valuable materiak 
may be brought in contict with each other and with other acids, 



allcalies or other compounds, resulting in changes which are usually 
beneficial. 

Plowing is often the best means of incorporating new materials 
with the soil, such as grt^en manure, barnyard manure and others. 
The suljsequent actions of these are of a chemical nature, and will 
of course improve the soil chemically as well as physically. 

The physical changes in soils produced by tillage are of several 
kinds. The plow kM)s<^ns and shears the soil. As the common 
mold troard bonds the furrow-slice the particles are moved among 
each other and past each other so that each comes in contact 
with new parts. A fic^ld plowed with a very abrupt mold board 
"shear.^" the soil more than a long mold board with gradual slope. 
The latter is more commonly u.st'd in turning over sod. 
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The surface of a plowed field is a few inches higher than before 
it was plowed. This difference is due to the looseness of the parti- 
cles and the added pore space among the grains. These pores are 
Srst filled with air. As snows melt, or as rains fall upon such a 
field, much of the pore apace may be filled with water. The use 
of the harrow (Fig, 74) and the roller will repack the surface to 
some extent. 

Heavy soib are often plowed in late fall, particularly in the 
middle and northern states. This has a marked physical effect 
upon such soils. The weathering of under-soil thus exposed on the 
surface is beneficial and the effect may be readily observed by 
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any one. Fall plowing may be practiced on any soils in any climate 
for the purpose of destroying certain forms of injurious insect life, 
by exposing the hibernating forms of the destructive insects to 
winter weather and to attacks of winter birds. Fields which have 
been plowed in the fail can be prepared for crops early in the 
spring. On level fields, not subject to erosion, winter moisture 
may be conserved best by fall plowing. The field may be harrowed 
before sprii^ winds cause the ground to become craity. This 
harrowing will allow the air to enter and the temperature is made 
warmer. 

Late fall plowing cannot well be practiced where it is important 
to have a winter cover, crop growing. The farm manager must 
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use judgment in deciding whether to plow a field in the fall or to 
have it protected with a cover crop. He must consider the char- 
acter of soil, slop)e, insect enemies, the possibilities regarding 
time and labor, and perhaps other special matters which bear upon 
these points. 

Packing Loose Soil- — Soils which ar6 plowed in the spring, 
only a short time before the planting of the crop, may be so loose 
as to prevent the capillary rise of water to the seeds or to the roots 
of the crop after it begins growth. To correct this difficulty 
it is necessary to bring the surface soil in contact with the 
soil below the furrow-slice. This may be done by packing 
the soil with a plank drag or roller. If the latter is used 
the soil should be left with a loose, broken surface to pre- 
vent too rapid evaporation. The harrow may follow the roller, 
unless the roller Is of a type which leaves a roughened 
surface. Packing may sometimes be accomplished by the use 
of a common spike-tooth harrow with the teeth sloping 
backward. 

Sandy soils or other loose soils may be greatly improved by 
packing. (See Chapter VII.) 

GREEN MANURING 

This term applicis to the growth of crops not intended as money 
crops, but intended to be plowed under to benefit the soil. They 
are not always turned under in their green state, but may improve 
the soil nearly or quite as much if they die before being plowed 
under. 

Green Manure from Cover Crops. — ^A double purpose is very 
often accomplished in this operation. (1) The crop, while grow- 
ing, serves the purpose of a cover crop. (2) It may be used as 
green manure to improve the soil. 

The other purposes of cover crops should here be mentioned: 

(a) Erosion of soil is checked or prevented; this is particularly 
helpful on hillsides. 

(6) When grown in orchards they prevent the frequent freez- 
ing and thawing of tree roots and thus avoid much winter injury. 

(c) If grown in late summer and fall in orchards they check 
the growth of the trees, so that the wood may become more mature 
before winter. 

(d) They conserve plant food and moisture which would 
otherwise be wasted. 
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(e) The preparation of soil for thein, as well as the growth of 
cover crops, will tend to check the growth of weeds. 

^provemeat Due to Green Manuring. — 1. Probably the chief 
benefit following the use of green manure is the addition of humus. 
This is often the most satisfactory way of adding humus to the 
soil, particularly on famis where there are only a few animals. 
During the decay of the green crop a number of changes take 
place which are in thi;mselves directly beneficial. 

2. During the growth of the green manure crop its roots gather 
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plant food which might otherwise be wasted, or not be available 
for use of other crops. This accumulation of plant food in roots, 
stems and leaves becomes quickly available after the crop begins 
to decay, and helps the crop which is to follow. Tho growth of 
such green manure crops at off-seasons, when the main crops are 
not occupying the soil, conserves much plant food which would 
otherwise be lost by leaching or in some other way. Such losses 
cannot be prevented by any other practical method. The rapidity 
with which plant food is liberated from the green manure cn>p 
after decay begins will depend up<in the tempi-rature of the soil 
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and the amount of moisture present. It may also depend somewhat 
upon the character of the stems and growth and the maturity of 
the crop. If a large quantity of green manure be plowed under 
at any one time the decay may be very slow indeed. The best 
plan is to plow under a moderate growth each time,, rather than a 
heavy growth. If the soil be well packed after the crop is plowed 
in, decay will take place more quickly. 

Under favorable conditions green manure plowed under in 
the spring will liberate an abundance of plant food for the grow- 
ing crop the same season (Fig. 75). 

3. If all or a part of the plants forming the green manure crop 
belong to the legume family a supply of nitrogen will be gathered 
from the soil and be changed to the form of nitrates for the use 
of money crops. This is usually the cheapest way to supply 
nitrogen to any soil. Commercial forms of nitrogen are becoming 
much more expensive year by year. The gardener or farm mana- 
ger will find much profit in growing leguminous crops to supply 
nitrogen to the soil for the production of market crops. Not only 
is there a saving of money, which would be expended for com- 
mercial nitrogen, but the results are more satisfactory. Larger 
crops are produced when the equal amounts of nitrogen are 
compared. 

4. Many chemical changes take place in the soil during the 
growth and decay of the green manure crop. Comparatively 
inert particles are acted upon. The soil as a whole is in better 
condition for the future crop. 

5. The soil is a better medium for the growth and multipli- 
cation of beneficial bacteria of many kinds. Indeed the soil is 
made into an active, live mass instead of an inert, soggy, dead 
clay or sand. 

The above five benefits arising from the use of well-planted 
systems of green manure 'are not in any sense theoretical. They 
have all been proved to exist in a very practical way, with the 
result that the best farm managers have formulated some regular 
system of green manuring as a part of the annual maintenance of 
the farm. 

Planning Ahead. — Any one intending to have crops ready to 
be plowed under for the frequent or yearly improvement of soils 
will find it necessary to make definite plans for the succession or 
rotation of crops on each field. In many southern states, for 
example, com or cotton is grown annually on the same field as 
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the money crop. The fertility is chiefly kept up by the growth 
of crimson clover, which is sowed between the rows of the main 
crop in July or August, if moisture conditions are favorable. The 
crop grows throughout the fall and winter and is plowed under 
in spring as early as desired to prepare the ground for the main 
crop. An annual rotation is thus established. 

In the potato-growing sections farther north a similar annual 
rotation is sometimes practiced. If crimson clover is not hardy 
a mixture of winter vetch and rye may be used. In a slower rota- 
tion coarse heavy sod, as timothy and clover, may be plowed under 
every three or four years. In regions where spring grain is grown 
a winter coyer crop is sometimes grown after com and plowed 
under in the spring before the grain is sowed. After small grain 
has been harvested a quick-growing crop, such as cow peas, soy 
beans, or buckwheat, will produce a supply of green manure, to be 
turned under either in late fall or the following spring. 

USE OF MANURES 

Barnyard Manure. — In all parts of the country where livestock 
is kept, barnyard manure is one of the chief assets. The benefits 
arising from the use of barnyard manure for farm and garden crops 
have long been recognized. Near cities of all sizes farmers make 
use of the manure from the stables. It is often shipped long 
distances and sold at prices far above its actual value. The value 
of course should not be under-estimated, but prices, including the 
cost of hauling, are sometimes found to be as high as three dollars 
or more per ton, and this for inferior grades. 

Humus is always added to the soil by the use of barnyard 
manure. The amount of humus derived from it depends upon 
the kind of litter used for bedding of the stock. 

Barnyard manure acts as a direct plant food for crops. Under 
the most favorable conditions nitrogen is added more abundantly 
than other fertilizer ingredients, but some phosphoric acid and 
potash are always present. These are the three plant foods most 
needed by growing crops. The benefits arising from the decay 
of barnyard manure in soil are similar to those found in the decay 
of green nutnure. An average 1000 pounds of fresh manure from 
a horse stable contains about six pounds of nitrogen, three pounds 
of phosphoric acid and five pounds of potash, if the value of these 
elements is taken from market prices of chemical fertilizers. On 
this basis the manure from a 1000 pound horse has a value of 
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nearly S30.00 a year. This value, however, does not include the 
humus produced, but merely the three chemical plant foods 
mentioned. 
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If equal weights of manure from the different kinds of farm 
animals are considered, the relative values would be arranged 
from poorest to best in this order: cattle, horses, swine, sheep 
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and poultry. There are a number of other conditions which help 
to determine the real value of barnyard manure: the age of the 
animals; kind of bedding used; whether the feed contains much 
or little grain or other concentrates (Fig. 76) ; the age of the manure 
and the care of it after it is made. 

Care of Manure. — On farms where much manure is produced 
improper care of the manure is frequently a very serious farm 
loss. This is chiefly from two causes: heating and leaching. 
When manure accumulates in large heap.s in the barnyard the 
chemical action and the work of anaerobic bacteria cause the 
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manure to heat or "fire fang," This results in loss of nitrogen 
and much of the organic matter is burned out. 

When manure is left in opt-n barnyards or, worse yet, is left 
under the eaves where large quantitic-i of water will fall upon it, 
the loss from leaching and washing is a serious one. As the manure 
leaches the most valuable parts of the plant food arc lost first 
(Fig. 77). 

Because of such losses as these it may be estimated that fully 
one-half of the value of barnyard manure produced on American 
farms is wasted. Under good management at least four-fifths of 
all of the crops fed te stock, or used in the bam for litter, should 
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such a cover, and having it well spread and thoroughly tramped. 
They sometimes spread the manure from stalls in such covered 
barnyards where stock during exercise will tramp it down. 

Rotted manure is often needed for special lines of gardening 
and for some farm crops. To produce well rotted manure, without 
serious loss, requires good management. The manure should 
be spread so well that the heat will not become too great. The 
top of the pile should be left flat, or slightly hollow, so that rain 
water will enter the mass and help prevent heating. If the amount 
of rain be too great, loss will occur by leaching. This loss may be 
reduced by a cover of straw or other material to shed off sur- 
face rain. 

Composts are often made by gardeners for the purpose of 
preparing well rotted manure for use in their work. A good plan 
is to make the pile of manure with alternate layers of heavy sod. 
Leaves raked from lawns may be used in addition to, or as a sub- 
stitute for, the sods. lime, wood ashes, land plaster, and rock 
phosphate are also valuable materials to add to the compost heap. 
The tops should be kept rather flat to allow the entrance of rain, 
particularly during the smnmer. 

Some of the benefits to be derived from rotting manure are: 
Weed seeds are killed; the manure is not so bujky; its heating 
effect is reduced and there is less injury to certain plants; it is 
not so likely to produce potato scab or other injurious diseases; 
it is much more suitable for use in flower beds, green house beds 
and for potted plants; and the plant food in the manure is made 
more quickly available. 

USING LIME 

Liming of soil is the direct application of lime to spoils. This 
treatment is usually very beneficial, and within certain limits is 
exceedingly profitable. The uses of lime on soil are of several 
kinds: Light, sandy soils are affected in such a manner as to make 
them more compact and are thus more retentive of moisture and 
plant food. 

Heavy clay soils are also affected physically. They become 
more open and more easily tilled. They allow air and moisture 
to move more freely, with the result that they are more easily 
warmed in early spring. 

Any soils containing acid are neutralized by the use of lime. 
Soils may become acid, or sour, by the use of barnyard manure, 
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green manure and by the action of certain chemical fertilizers. 
Few farm crops thrive in sour soils. The action of Ume is there- 
fore beneficial to all such crops. 

For clover, alfalfa and most other members of the l^ume 
family, lime seems to act as a direct piunt food, supplying a 
material actually used in the growth of the plant (Fig. 78). 

When time is applied after the plowing under of green manures 
or other vegetable matter, decay takes place much more rapidly. 

The presence of lime in the soil makes conditions more favor- 
able for the rapid development and growth of bacteria. Thb is 
partJcularly true of those forms of bacteria which aid legumes in 
acquiring nitrc^en from the air. It \a doubtless abo helpful to 
other kinds of soil organbms. 
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Its general action upon sand, clay and ot^anic matter helps 
in the liberation of plant food in all soils. This may in some cases 
be more rapid than the growing crop can use the food thus liberated. 
If some form of lime is applied, the action of which is not too rapid, 
the growing crop may use the liberated food without appreciable 
loss. 

The combined use of green manure, or other vegetable matter, 
with the application of lime, causes the most favorable action in 
soibi for the production of lar^e crops. Much activity is set up 
within the soil, making the conditions most favorable. By the 
use of lime the soil will produce much larger crops of alfalfa, clover 
and other legumes. These in turn have their beneficial effects 
upon the soil, and make it possible for the owner to carry the soil 
improvement to the utmost hmit. It Is often found that the 
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application of lime is the first step in the building up of a worn- 
out soil. The owner must remember that other methods of 
improvement must accompany this treatment. 

The need of lime on a field is often indicated when clover will 
not grow. Sourness in the soil may be detected by the presence 
of certain weeds, such as sheepHsorrel. It may also be detected 
by the use of litmus paper, as described in one of the exercises. 
If the need of lime is doubted by the owner, a small strip instead 
of the whole field may be treated. This trial may be made upon 
a field used for clover or almost any other field crop. If marked 
improvement is shown the owner can easily draw his conclusions. 

Forms of Lime. — ^There are several forms of lime in common 
use. Some understanding of each of these should be had before 
lime is applied. Ground limestone is perhaps the most common 
form used by farmers, particularly in regions where the distance 
for shipment is not very great. Limestone grinders are in use near 
stone quarries in all parts of the country. From such grinders the 
products vary in fineness from a fine powder to a coarse granular 
state. Commercially the fineness is indicated by the sieves 
through which the ground stone will pass. That which passes 
through a sieve of fifty or sixty meshes to the inch will contain 
some material which is as coarse as this and much more that is a 
great deal finer. The coarse products used for agricultural pur- 
poses should be fine enough to go through an eight-mesh sieve. 
Ground lime as coarse as this can be produced without artificial 
drying of the stone, but the finest grades must be artificially 
dried, thus greatly multiplying the cost of production. 

Ground limestone is chiefly composed of carbonate of lime or 
calcium carbonate (CaCOj). 

Burned lime is extensively used for agricultural purposes. It 
is prepared in lime-kilns by burning under such conditions as to 
produce great heat without much moisture or air. The carbonate 
of lime is broken up by the heat into two compounds^, calcium 
oxide and carbon dioxide, thus CaC03 = CaO+C02. 

The carbon dioxide is driven off into the air and the calcium 
oxide exists in a form which is sometimes called stone lime, or 
caustic lime or quick lime. It is this form of lime which is used 
in making mortar Tor masonry or plaster. Because of the driving 
of! of the carbon dioxide the weight is reduced nearly one-half. 
This must be taken into consideration when deciding upon the 
qualities of lime to be applied to the soils. 
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Hydraied Lime, — Another form of lime less commonly used 
for agricultural purposes is called hydrated lime. It is formed 
from burned lime which has taken up some water and usually 
some carbon dioxide has also been acquired by it. It is shipped 
either in bulk or in bags, and is usually much more expensive than 
the other forms of lime. Its composition is expressed by the mix- 
ture of the compounds CaH202 and CaCOa. 

The pure hydrated lime or calcium hydrate would be formed 
by the addition of water to caustic lime: 

Ca O + H, O = Ca H, O, 
lime -h water = hydrated lime 

When water is added to the Ume the weight is increased about 
one-third, as fifty-six pounds of lime take up eighteen pounds of 
water, making seventy-four pounds of hydrated lime. In this 
amount there is forty pounds of calcimn, both before and after 
combining with water, 

Air-slaJced lime is usually mixed with some hydrated lime, 
even when sold under its own name. If it were pure its composi- 
tion would be the same as pure limestone It is formed by the 
slaking of lime with only a small amount of water. A part of the 
lime takes up water as shown in the preceding paragraph, and as 
it becomes exposed to the air it takes up carbon dioxide, and the 
water is displaced. If the influence of the water is not considered 
the real effect is shown thus : 

CaO -f CO2 = CaCO, 

calcium oxide + carbon dioxide = calcium carbonate 

This action is the reverse of that which is produced when lime- 
stone is burned in kikis. The weight increases less than once 
as fifty -six pounds of caustic lime takes up forty- four pounds of 
carbon dioxide, forming one hundred pounds of air-slaked lime. 
There is no more calcium than before it was slaked. 

Other jorms of lime are upon the market under different 
names, such as *"limeoid;" 'agricultural lime," 'Mand lime," and 
many others. They may be made from various sources, some 
from wastes about grinders, others from wastes about kilns, or 
from places where builders' lime is handled in large quantities 
and may become damaged. These miscellaneous lime products 
are not standardized, but are sold in the powdered or ground 
form Such a product is usually of no greater value to the farmer 
than the same weight of groimd limestone. 
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Ashes, if made from hard wood and well stored to prevent 
leaching, contain, besides about four per cent of potash, a good 
supply of lime. This may be calculated at the rate of about thirty- 
three per cent of calcium carbonate, or 600 to 700 pounds to the 
ton. Marl is found in many parts of America in deposits accessible 
for agricultural purposes. It is rich in lime of a form well suited 
for agricultural purposes. The richness of the particular deposit 
should be determined, as the compositions vary, widely. It may 
sometimes be found to contain ninety per cent of calcium 
carbonate. 

Action of Different Kinds. — ^The most active forms of lime in 
the soil are the quick lime or calcium oxide, and the hydrate. 
Carbonated lime in the form of ground limestone acts more slowly. 
The former bum out the humus from soils more rapidly than pul- 
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FiQ. 79. — Equivalents in the different forms of lime when applied to soil. 

verized limestone. Thoy are more effective in causing the decay 
of organic matter and the unlocking of plant food from the soil. 
Their effects upon the soil are not so permanent. Pulverized lime- 
stone acts slowly in the unlocking of plant food and in causing 
the decay of organic matter and humus. Its effect upon the soil 
lasts for several years. The lasting effects are determined some- 
what by the finene.ss of the powder. The finest forms are used up 
more quickly because they are more rapid in their action. Coarser 
forms act slower and last longer. 

Just what form of lime to apply to the soil depends upon several 
soil conditions, b(»sides the question of which is most available 
for purchase. If a heavy supply of organic matter has been plowed 
under and a rapidly growing crop, such jis cabbage or other truck 
crop, is to occupy the field immediately, quick lime, or calcium 
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ozide, may be used to best advantE^. Plant food abould not be 
unlocked more rapidly than the growing crop will use it, other- 
wise wastes will r^ult. If a field b well supplied with humus and 
more pemuutent forma of field crops, such as hay, grain, com, or 
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ootton, are being grown, it is then better to use ground limestone. 
Rate of Application. — From what has just been said it is evi- 
dent that light applications of quick lime, or calcium oxide, should 
be made (1000 pounds to the acre), and this every year or two. 



Fio. Bl. — Tha •praadlni of liiua or fartiliicr with k maahiiw ol thi* type dvu id cvbd dis- 
IributioD. (Ohio Stationl. 

Heavy applications of pulverized limestone may be used (Pig. 79). 
Applications of one or two tons to the acre may be used once in 
four or five years. The use of lime on soil should be adapted to 
the crop rotation used on the farm. If a three-year rotation is 
used with clover as one crop in that rotation, it is well to apply 
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the lime just before the growth of clover, as it will benefit this 
crop and clover will prevent loss of lime itself. If the rotation be 
long or short the lime may still be ivpplieil once in the rotation 
course. The form and amount of lime to use will depend some- 
what upon the length of the rotation course. 

In determining the quantity of lime to apply to a field the 
actual amount of calcium in the form to he used should be con- 
sidered, rememberit^ that other ingredients, such as water and 
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carbon dioxide, add much weight, but do not add more calcium. 
Methods of Liming. — It is a very disagreeable task to spread 
lime on a field when the wind is blowing. This is particularly true 
of hydrated and air-«laked lime. Compare figures 80 and 81. 
Quick lime, or calcium oxide, should always be air slaked by leav- 
ing it in a pile long enough to accomplish the purpose. 

A little water is usually added to hiwten the process, if rains 
do not occur. Some low, box form of fertilizer spreader or special 
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lime spreader may be used in applying lime to the field. Bags or 
old grain sacks may be allowed to drag back of the deUvery tubes 
at the surface of the ground to prevent much of the disagreeable 
cloud of dust for the driver and team. Pulverized Umestone is 
not caustic and is usually not so dusty. It can aso be hauled 
directly from the car to the field and requires no extra handling. 
Burned lime must be handled twice to accomplish the slaking and 
spreading. 

Lime is usually spread on top of the plowed field, and should 
rarely be plowed under. Its tendency is to work downward through 
the soil too rapidly. Quick lime, or calcium oxide, should not be 
appUed long in advance of the time when it is to be used. Pulver- 
ized limestone may be hauled at any time when teams are not 
busy, as its loss upon the field is much slower. 

COMMERCIAL FERTILIZERS 

It is sometimes said in reference to rich humus soils of the 
western prairie states that * 'They do not need commercial fertili- 
zers." This might also have been said regarding the newly 
cleared lands of the timber states farther east. But after soils 
have been used by man for a generation or more they deteriorate 
in the actual amount of available plant food. Analyses of old 
soils usually show an abundant supply of potash and phosphate, 
but little of them in available forms. The amount of potash and 
phosphate is usually greater in heavy soils containing much clay or 
silt. The nitrogen may have almost entirely disappeared imless 
some system has been used for its special maintenance. 

Because of the deterioration of soils in long use for fanning 
purposes, it has usually been found very profitable to resort to 
the use of commercial fertilizers. The greatest profit from their 
use is usually found in the growing of special crops, such as truck 
crops, cotton, tobacco and potatoes. Indeed when a farmer is 
making a specialty of any particular crop he usually finds it very 
profitable to use fertilizers. American farmers are using at the 
rate of between 200 and 300 million dollars' worth annually. 

In one form or another commercial fertilizers contain nitrogen 
or phosphoric acid or potash — perhaps two or all three of them. 
These are applied to the soils at the time the crops actually need 
them for the purpKxse of directly feeding and stimulating the crops. 
As a general rule they should not be used with the hope of perma- 
nently improving the soil itself, except when they are used to 
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stimulate the growth of a green manure crop which will itself be 
more permanent in its effects. Any commercial fertilizer is 
available in proportion to the amount and kind of the three plant 
foods which it contains. 

Conmiercial fertilizers are inspected by nearly all states for 
the purpose of keeping up their standards, food content, availa- 
bility, and to protect legitimate business from fraudulent sales. 
The laws of some states require that the sources of the three ingre- 
dients be published by manufacturers. By this means the user may 
know more regarding the availability of the plant food he is buying. 

Nitrogen is the most expensive as well as the most important 
element in commercial fertiUzers. It usually costs three or four 
times as much per pound as the other ingredients. Because of 
this great cost the nitrogen must be carefully conserved by 
applying it at a time when it can be readily taken up by plants, 
particularly if it is all or nearly all in an available form. 

Nitrogen is derived from several sources: meat scraps, dried 
blood, tankage, fish, cottonseed meal and such minerals as sulfate 
of ammonia, nitrate of soda, and calcium cyanamid. Nitrogen in 
the first four fornix is sometimes called organic nitrogen. 

Nitrogen from dried blood is usually more quickly available 
for the use of plants than from other forms of organic nitrogen. 
It may contain from ten to fifteen per cent of nitrogen, but may 
be as low as five or six per cent. When the price is satisfactory 
this is a very suitable form in which to purchase nitrogen as plant 
food. The danger is that the price per pomid will be too great 
when compared with other forms of nitrogen. Some phosphoric 
acid is found in samples of dried blood. This is greater when meat 
scraps have been added. 

Tankage is the waste from the slaughter of animals in the 
packing houses. It varies widely in composition and the analysis 
should always be known before a purchase is made. If much 
meat scraps be used it may be rich in nitrogen and phosphoric 
acid. The presence of ground bone in it increases the phosphoric 
acid. Tankage is usually slow in its availability for plant growth. 

Fish is often a source of fertilizer ingredients. Waste fish 
products from seine fishing along sea coasts are ground up and 
used for fertilizer. They usually contain, besides a good supply 
of nitrogen, some phosphoric acid. The price of these ingredients 
in this form is usually high in spite of the fact that they are not 
quickly available for plant growth. 
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Cottonseed may contain six to seven per cent of nitrogen. It is 
used extensively as a source of nitrogen in the South. The nitrogen 
in this form is not as quickly available as in dried blood. The price 
of cottonseed meal has greatly advanced since its merits for stock 
feed have been discovered. It is now found to be better economy 
to use it for feeding stock and then use the manure as a fertilizer. 

Sulfate of ammonia is produced in the manufacture of coke 
and illuminating gas. It usually contains about twenty per cent. 
of nitrogen. The nitrogen in it is not all quickly available, as 
that found in sodium nitrate. A part of it may be taken up directly 
by some plants. Because of its acid nature it should be used in a 
system of farming where lime is practiced. Use of it without lime 
tends to make the soil sour. The cost in this form usually compares 
favorably with that from nitrate of soda. 

* Nitrate of soda is usually considered the very best form in 
which to purchase nitrogen, if the grower wishes the nitrogen to 
be immediately available. Since this salt dissolves in soil moisture 
or rain water, it must be used by the plants or much of it may be 
lost by leaching. For this reason it is well to make several small 
applications at different times during the early part of the growing 
season. Nitrate of soda is imported from Chili and other western 
countries of South America, where it is mined from extensive beds. 
It is usually received in American ports in the somewhat purified 
form, containing about fifteen per cent, of nitrogen. In comparing 
the cost of nitrogen from different sources, the market price of 
nitrate of soda is usually taken as the standard for comparison. 

Calcium cyanaxnid is a new form of nitrogenous fertilizer, con- 
taining much lime. Because of the presence of these two valuable 
ingredients it is given various commercial names, such as ''lime- 
nitrogen," or **nitrolime." It was first made in Norway and 
Germany, but it is now made extensively in Italy, the United 
States and elsewhere. It may be produced in any locality where 
electric power is not too expensive. It is a dark gray powder, 
having a composition of Ca(CN)2. On exposure to air or moisture, 
or in the presence of steam it decomposes into ammonia and 
calcium carbonate, thus 

Ca (CN), -h 3 H/)= 2 NH, + CaCO, 
calcium cyanamid + water = ammonia + calcium carbonate 

It compares favorably as a fertilizer with sulfate of ammonia, 
but is still thought to be somewhat injurious to very young plants, 
if the above mentioned change has not all taken place. One of 
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the greatest difficulties in the use of this material is its tendency 
to lose ammonia; because of this change in composition. It is 
sometimes mixed with a little dry peat to help hold the ammonia. 
It does not tend to make soils acid, but acts in the very apposite 
way because of the great amount of lime present. 

Our greatest interest in the production of calcium cyanamid lies 
in the fact that its production is unlimited. The products from 
which it is made, atmospheric nitrogen, carbon and lime, are inex- 
haustible. The danger that other sources of nitrogen for fertilizing 
purposes will soon become exhaust.ed, or nearly so, has been the 
great fear of all mankind. But man can always make use of legumi- 
nous crops in farm rotations and thus acquire nitrogen from the air. 

Phosphoric Acid. — There are two main sources of phosphoric 
acid: (1) animal substjuices; (2) phosphate rock. 

Animal bone is the chief source of phosphoric acid. It was much 
used as a fertilizer before rock phosphate was known to be avail- 
able for this purpose. Indeed bone phosphate is considered so 
valuable that much of the rock phosphate is sold as bone. This is 
due to a false belief that the bone is better than the rock form. A 
good sample of raw bone meal contains about four per cent of 
nitrogen and twenty to twenty-five per cent of phosphoric acid, 
but samples poorer in both of these ingredients are often used. 
To make the phosphoric acid in bone more readily available it is 
put through a steaming process. "Steam bone" is sold oh the 
market, containing as much as twenty-five or thirty per cent of 
phosphoric acid. During the process of boiling or steaming the 
nitrogen content is usually reduced to almost nothing. But the 
phosphoric acid is made more available. 

Rock phosphate is obtained from a number of deposits in 
South Carolina, Florida, Tennessee, Utah, Wyoming, and Idaho. 
The rock as quarried from the earth is used in two ways: (1) In 
a form called '^floats. " In this condition the natural rock is 
ground very fine and applied to soils, yielding phosphoric acid 
very slowly to plants. It may be applied only once in three or 
four years, but the applications are very heavy; perhaps a thou- 
sand pounds or more per acre at a time. (2) The rock may be 
ground and afterward treated with strong sulfuric acid t-o change 
the composition from calcium phosphate to acid phosphate. The 
sulfuric acid takes from the natural rock a part or all of its calcium, 
forming calcium sulfate or land plaster, which remains mixed with 
the phosphoric acid. The resulting mixture is sold under the 
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names of superphosphate or acid phosphate. This form of phos- 
phate is chiefly soluble and is quickly available to plants. It ma^ 
contain from fourteen to twenty per cent of phosphoric acid. 

Superphosphates (acid phosphates) are sometimes, though 
rarely, made from bone, and bone tankage, by treating them with 
sulfuric acid. The change which takes place when rock phosphate 
is treated with sulfuric acid is here shown: 

Ca, (P04)« + 3 H,S04 «= 3 CaS04 + 2 HjCPO*) 
calcium phosphate + sulfuric acid = calcium + phosphoric 

sulfate acid 

If all of the calcium is not removed from the original rock by 

the sulfuric acid the resulting phosphate may be represented by 

the formula 

CaH4 (P04)« or Ca,H, (P04)2 

Basic slag, sometimes called Thomas slag, is a by-product of the 
manufacture of steel from ores containing much phosphorus. 
The amount of phosphoric acid present varies widely, seventeen 
or eighteen per cent being commonly found. Its availability for 
plant growth is usually slow. In the older methods of manufac- 
ture this product contained much lime, but in the more recent 
methods very little Ume is left in the slag. 

Potash is not so generally needed as phosphoric acid and nitro- 
gen, but a little is often combined with the other ingredients in 
commercial fertilizers. It is particularly valuable on sandy soils, 
on soils containing an abundance of humus and other soils that 
have been used many years. We have already seen that it may 
be derived to a limited extent from unleached hard wood ashes. 
The chief commercial sources, however, are certain mineral salts 
from mines in Germany. The natural material exists in the mines 
in the form of kainit, sylvinit and other less common forms. From 
these salts two chief products are made by a process of separation 
and purification: (1) Sulfate of potash containing about 48 per 
cent of actual potash, KjO. (2) Muriate of potash containing 
about 50 per cent of actual potash. Both of these forms are 
soluble in water and are easily absorbed by plants. 

Muriate of potash is slightly cheaper than the sulfate and is 
recommended for use when potash is required for such staple 
crops as cotton, potatoes, tobacco and others. It is usually con- 
sidered the better fonn tiO use if the soil is light and sandy. 

Sulfate of potasdbi is perhaps more commonly used than it 
otherwise would be, because of its physical condition, which 
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renders it more easily mixed ^ith other fertilizer ingredients. It 
is more expensive than the muriate. Some farmers have a notion 
that it improves the quality of potatoes and tobacco. This belief 
has not been well established experimentally. 

Kainit is one of the crude mined products and contains about 
twelve per cent of potash (K2O). It is used to a limited extent, 
particularly near eastern ports where the cost for shipment is 
not too excessive for such a low grade of fertilizer. 

The Use of Fertilizers. — There are several ways of determining 
what fertilizers to use on each field for each crop. The actual 
requirements of any given crop should be known. Tables show- 
ing the composition of different crops will tell in a very definite 
way the amount of nitrogen, phosphoric acid and potash removed 
from the soil during its growth. K a wheat crop, for example, is 
grown, and the straw used for litter and returned to the field, the 
amount of plant food actually taken from the field and not re- 
turned is represented in the composition of wheat grain which 
may have been sold from that field. When the jrield is known the 
amount of plant food removed may be easily calculated. (See 
tables in Chapter XII). 

Other indications of the amount of fertilizer to use are found by, 
(1) analyzing the soil, (2) plot method of trial; (3) the observation 
of growth and yield of the crop itself through a series of years. 

Soil Analysis. — In some states it is a common mistake to put 
too much dependence upon analyses of soils made by State Experi- 
ment Stations and employed chemists. Such analyses are valua- 
ble only as indicating the total amount of plant food of each of 
the three or four main ingredients, but they do not indicate how 
much of each of these is available for growth of plants. If the 
analysis shows a superabundance of any or all of these elements 
in a certain field, it may be a fair guide to the owner, when con- 
sidered in connection with what he knows regarding its yielding 
ability. But the analysis as an independent fact does not tell 
him definitely what fertilizers to use. If, however, one of the 
ingredients is shown by the analysis to be very deficient he will 
know that such deficiency must be supplied. The range in com- 
position of surface soils is so great that analysis serves as a guide 
in detecting the great reduction of any one element. 

Plot Trial. — A manager of a large farm should determine the 
needs of each field by actual trials on small plots. For small 
grains, grasses, com and cotton, use small strips about one rod 
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wide across the field. Ilach trial strip or plot should have a dis- 
tinct treatment and one should be left unfertilized as a check 
plot for comparison with the others. In fertilizing a crop of wheat 
one strip may be fertilized with a given amount of acid phosphate, 
another with rock phosphate (floats). Another may have one of 
these fertilizers with the addition of some muriate of potash, and 
perhaps another with a little nitrogen added. Still another may 
have a supply of lime with or without the other fertilizers. It is 
often well to compare the chemical fertilizers with barnyard 
manure. This can easily be done by applying manure alone to 
one, and manure with lime to another plot. 

During the growth, and as the crop matures, the farmer may 
determine well which treatment has benefited the crop most. It 
may not be profitable for the farmer to make actual weights of 
the yields, but that may be left to State Experiment Stations. 
In most states the soils vary so widely in their characteristics that 
it is important that the soil on each farm be tested in such a 
manner. The farmer who does such work will improve his method 
more rapidly than by simply studying the results in some other 
part of the state. 

Bujring Fertilizers. — ^There are several diflFerent problems in- 
volved in the purchase of commercial fertilizers. Since laws have 
been passed controlling their sale some of the difficulties have 
liecn overcome. In most states it is still impossible to determine 
the source of ingredients from which the nitrogen, phosphoric acid 
and potash are derived. A number of the state laws require that 
the source of the phosphoric acid and the potash be indicated, but 
few if any of them require that the source of the nitrogen content 
be published. Fortunately changes in state laws regarding this 
are gradually being made. At present comparatively few buyers 
know the real nature of the niunerous preparations which are 
oflfered for sale every year under special brand names. These 
names are not permanent or do not represent an unchangeable 
composition in the fertilizer sold under the name. Usually the 
name is meaningless, if not actually misleading. * 'Brown's Truck 
Grower" may not be suited to all truck growers, and indeed may be 
very badly suited to certain soil conditions and special truck crops. 

The analysis is usually required by law to be printed upon 
the tag or upon the bag containing the fertilizer. This analysis 
should be studied very closely by a man who ha.s power to elimi- 
nate the non-essentials, as much is usually added wliich tends to 
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confuse the ordinary buyer. For example, the following is a 
common statement of analysis: 

Ancdysis 

Per cent 

Nitrogen 0.85 to 1.10 

Eaual to ammonia 1.03 to 2.00 

Soluble phosphoric acid . . .• 6.50 to 7.50 

Reverted 2.00 to 3.00 

Available 8.50 to 10.50 

Insoluble 1.50 to 3.00 

Total 9.00 to 13.00 

Potash (actual) 1.00 to 1.50 

Equal to sulfate of potash 2.00 to 3.00 

The minimum or first column only is guaranteed by the sellor 
under the law. As there are only three ingredients in the table 
which are to be used by plants, the other six lines are superfluous. 
The buyer should be interested only in the following three facts: 

Nitrogen 0.85 

Av^-ikble phosphoric acid .- 8.50 

Potash 1.00 

This shows the need of eliminating from the analysis all but 
the e&sentials. The insoluble portions of the phosphoric acid 
should not be considered. Two thousand pounds or one ton of 
this fertilizer would contain only seventeen pounds of nitrogen, 
one hundred and seventj'' pounds of phosphoric acid and twenty 
pounds of potash. This would be called a very low grade of 
fertilizer, and contains much material which should not be handled 
in an effort to fertilize the soil. Freight has to be paid upon it 
and much hauling is required for material which is valueless. 
When ready-mixed fertilizers are purchased those containing much 
valuable plant food should be used. After eliminating the non- 
essentials in the analysis the actual valuation may be determined 
by multiplying the number of pounds of nitrogen in the ton by 
twenty (cents); the number of pounds of phosphoric acid by six 
(cents) and the number of pounds of potash by six (cents). 
Adding these three values will give the real value of a ton of 
the fertihzer. In the above example the nitrogen is worth 
$3.40; the phosphoric acid $10.20 and the potash $1.20, giving a 
total value for the ton of $14.80. As prices fluctuate the pound 
values for these ingredients may be changed, but fertilizers of 
different grades should always be compared on an equal basis. 

Fertilizer formulas are often indicated on tags and fertilizer 
bags. They express the ingredients in the sample, expressed in 
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percentage or pounds per hundred. In the above anal3rsis slightly 
simplified, one is the total nitrogen; nine is the total phosphoric 
acid and one is the total potash in each hundred pounds of the 
mixture. This would be expressed 1:9:1. A higher grade fer- 
tilizer nught be 3:10:4. To determine the money value of a ton 
when the analysis is given, a verification should be made in the 
formula itself, and the figures for the available constituents must 
be substituted for the total constituents, so far as known. The 
analysis will usually show this at least for the phosphoric acid. 
If a 3:10:4 formula is corrected to read 3:9:4, then the ton value is 
determined by multiplying each of these by twenty (the number 
of hundred weight in a ton), and then multiply each by the average 
market value per pound. That is multiplying the nitrogen cop- 
tent by twenty, the available phosphoric acid by six and the 
potash by six. The sixty pounds of nitrogen in a ton equals $12; 
the one hundred and eighty pounds of phosphoric acid is valued 
at $10l80, and the hundred pounds of potash equals S6.00, making 
a total of $28.80. 

Home Mixing. — It has long been the custom in European 
countries, such as Germany and England, to practice the home 
mixing of commercial fertilizers. American farmers have probably 
not understood so well the scientific principles involved in fertiliz- 
ing the soils, and there is comparatively much less home mixing 
in America. Those farmers who practice it are able to save in sev- 
eral ways: (I) They are able to secure the raw materials which 
they know to be well suited to their own soils and crops. (2) They 
are able to avoid the use of such low grade materials or fill-in 
materials which are, in effect, of little or no benefit to the soils. 
(3) They are able to save on the cost of freight and the amount of 
material hauled for the same amount of plant food. (4) They 
are able to save much in actual cost of each year's production. 

There is no secret about mixing. The amount of material 
suitable to use in various home -mixed fertilizers for different 
crops is published by a number of experiment stations. Figure 82 
indicates what ingredients may be mixed before they are applied 
and those which should not be thus mixed. 

FIELD AND LABORATORY EXERCISES 

1. Depth of Plowing. — When plowing is being done in the vicinity, or at 
home, have a ruler handy to take several measurements of the depth of the 
furrow on the landbar aide. This will help to gain a correct impression of the 
depth of plowing at sight. In the bottom of the furrow, dig with a spade and 
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determine the depth of the surface soil. If the surface soil is not all being turned 
up, find if possible why the plowing is not made deeper. 

2. Ilave one part of the neld plowed extra deep and the remainder plowed 
as usual. Then compare the yield after the crop is grown. Yoimg peoi>le not 
having an opportunity to carry out this exercise on their own places may induce 
some farmer or gardener to conduct the experiment under their guidance. 

3. Fall or Spring Plowing. — Compare the yields of crops, or fields plowed 
in the fidl, and those not plowed untu the following spring. 

4. Study the effects of rolling by having one part of a grain field rolled 
after seeding, and the other part not rolled. In which plot does the grain 
sprout first? Which has the more rapid growth later on? 

5. Effect of Green Manure. — Compare the yield of grain or com on two 
plots, one of which has been supplied with green manure turned under and 
the other having no green manure. This exercise is more valuable if the green 
manure consists of tne crimson clover or other legume crops. A comparison 
may also be made between crimson clover and rye as green manures. 

6. Testing Barnyard Manures.— On two plots test the value of spreading 
manure fresh from the bam on the field instead of allowing it to remain in a 
heap in the yard for some time. Test one plot with fresh manure from the stalls 
and the other plot with a like amount of manure which has stood under the 
eaves of the bam for six months or so. Com may be grown on these plots, and 
yields recorded. 

7. The value of rock nhosphate as an absorbent in stables may be shown 
by manuring two plots. On one use manure in which the rock phosphate has 
been used as an absorbent, and on the other use the manure without this. 
The result should show the first season on com or cotton. 

8. Forms of Lime.-;-Test the caustic effects of the three main forms of 
Ume: freshly burned lime, hydrated or slacked lime, and ground limestone. 
Use litmus paper in the test. Also wash a small quantity of each of these ma- 
teriids and determine the alkalinity of the water resulting therefrom. Which 
would be more quickly available in the soil? Which is the most caustic? 
Which would remain in the soil a longer time? 

9. Slack some fresh lime in a pile after having determined its volume in 
advance. After the air slacking is entirely finished, determine the volume 
again. How much increase do you find? 

10. Take a pound of freshly burned lime. Let it gradually air slack, and 
then again determine its weight. How do you account for the change in weight? 

11. Potash from Ashes. — Put a few pounds of wood ashes in a tin can pro- 
vided with holes in the bottom. Fill with water and allow it to leach through. 
Catch the leachings and test for alkalinity. Feel of the liquid and see ifit 
feels slippery to the fingers. 

12. Fertilizer Samples. — Make collection of samples of fertilizers in f^lass 
bottles. Obtain all kinds in the market, including materials from which mixed 
fertilizers are made, and also the mixtures themselves. Label each with the 
name and composition. 

13. Solubility of Certain Fertilizers.— Test the solubility of sulfate of 
ammonia, nitrate of soda, and the several potash salts. 

14. Study Phosphorus as suggested in a hieh school chemistry. Care- 
fully handle the material, as it is very combustible. If a piece of phosphorus 
is exposed to the air for a few minutes, the white fumes produced when di^lv^ 
in water, are the same as pure phosphoric acid in fertilizers. 

15. Availability of Phosphoric Acid. — Put samples of rock phosphate, 
phosphoric acid and ground bone each in separate test tubes or bottles to de- 
termine their solubility. Whether any of the material is dissolved or not may 
be determined by pouring in a little clear lime water. If there be any soluble 
phosphate present there will be a white cloudy appearance. Which one of 
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these would be available first in the soil, and which would remain longest 
without being leached out? 

16. Effects of Fertilizers. — Make pot trials with different fertilizers as 
suggested in this chapter. This work may be done either on farms or nearbv 
plaoes, or in the home gardens and farms of students, if not at the school itseli. 

QUESTIONS 

1. Explain what is meant by the problem of soil maintenance. 

2. What are the chief features of soil improvement? 

3. What are the ways by which tillage may improve soils? 

4. What are the chemical changes wrought by good tillage? 

5. What are the physical changes? 

6. Explain the different lines oT improvement due to green manuring. 

7. In what ways do Uve stock aid in soil maintenance and soil improvement? 

8. Give directions regarding the card of manure. 

9. Expkun the use ofrock phosphate as a preservative in manure. 

10. Compare the different kmds of litter for use in stables. 

11. What is the use of a covered barnyard, so far as manure is concerned? 

12. Describe how to make a compost for garden use. 

13. Enumerate the benefits from liming of soils. 

14. Explain why green manuring and limmgshouid be combined in farm practice. 

15. What are the different forms of lime? Which ones of these forms are 

cheapest in your locality? Give approximate prices for each form. 

16. What are the comparative weights of the different forms of lime? Which 

form has the most calcium in a ton? 

17. Describe how to handle freshly burned lime in applying it to a field with- 

out injuring the soil or plants. 

18. To what extent a^ hard wood ashes valuable in the liming of soils? 

19. Give directions to aid in choosing the kind of lime to be applied to a cer- 

tain farm. 

20. What are some of the common rates of application? 

21. What are the three essential elements in commercial fertilizers? 

22. What is the advantage of state inspection of commercial fertilizers? 

23. Give some of the sources from which nitrogen is obtained by fertilizer 

companies. Discuss the relative values of these. 

24. How is calcium cyanamid made, and what valuable ingredients does it 

contain? 

25. State the difference between phosphoric acid and rock phosphates. 

26. Which of these is more permanent and which is most active? 

27. Give methods of determining how much fertilizer to use on a certain field. 

28. Give the advantages of home mixing of fertilizers. 

29. Take a fertilizer ta^ which gives the analysis of the mixture and reduce 

the statement to its simplest form. 
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CHAPTER X 
DRAINAGE AND IRRIGATION 

Till taught by pain, men really know not what good water's worth. — 

Byron . 

These two special methods of soil improvement are closely 
associated with each other in many places. In regions which are 
irrigated throughout the entire growing season with an abun- 
dance of water, it is often found advisable to remove surplus 
water by underdrainage. This would not be necessary if the 
soil and subsoil are open and very porous; but is found advis- 
able if the subsoil is very heavy and compact. In regions where 
the soil contains considerable black alkali with a superabundance 
of sodium carbonate or similar salts, the effect of irrigation water 
may be to dissolve the alkali salt which is deposited at the surface 
during the process of evaporation. This is very injurious to plants. 
If such fields be underdrained much of the surplus salt will be 
washed into the drains and thus be removed from the soil entirely. 
A combined drainage and irrigation system is the best plan by 
which to improve such alkali soils. 

The student should understand that alkali as used in this 
agricultural sense is not a true alkali in a chemical sense. It is 
really a surplus salt which has an injurious effect, by *'super- 
saturing" the soil water, which causes plants to wilt because of 
reversing the osmotic action in the roots. 

DRAINAGE 

It is often thought that drainage is needed only in places where 
there is too much water. There are millions of acres of marsh 
land requiring drainage for the removal of surplus water. But 
there are also a number of other places which should be drained. 

Where Drainage Will Help. — Soils which warm up too slowly 
in the spring may be improved by underdrainage. There are often 
limited areas where water stands near the surface, but is not 
exposed to view; these are improved by lowering the water table. 
Drainage is desirable in places where the water is abundant in 
the early part of the season, bnt where plants actually suffer from 
drought later in the summer. The effect of drainage in such 

126 
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instanceB is to allow the roots to penetrate the soil much deeper 
at all times and thus prevent suffering during the dry seasou. 

Where an annual overQow of water occurs along streams its 
prompt removal through some system of drainage is essential to 
the best production of crops. Most farm crops would be smothered 
when the water is allowed to stand on the field for many days at a 
time. Underdrains would prevent much damage. 

There are often areas on mountain sides or hillsides where 
water from above enters the ground and appears again at the 
surface or near the surface. The crops may there suffer from too 
much water, even though the area is much elevated and drainage 
seems natural (Fig. 83). Such paradoxical cases are frequently 



liooui nfcioD which wko much improrvd by drnfisep. 

found and are caused by the •peculiar underground formation 
which brings seepage water toward the surface. This water is 
not abundant enough in any one stream to be called a spring, but 
in reality numerous spring cause the condition. The remedy is 
to place a line of underdrainage along the upper side of the area to 
gather the seepage water and conduct it away. 

Limited low areas within the boundaries of a single farm are 
often found where the surrounding high land drains the surface 
water into them. Usually the soil in such plact« is very rich. 
Dnunage wiU permanently improve them by making the soil 
available for crop use each season. 

Large areas of flat land which may be so set as to be commonly 
called marshes are often capable of improvement by an extensive 
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system of drainage. Miles of acres of this type of land have been 
improved by some system of cooperation among land owners 
and by the work of state drainage officials who are sometimea 
authorized under certaja conditions to drain the land and assess 
the coat in the fonn of a tax against the owners. 

Value of Drained Land. — Usually any area requiring drainage 
is rich in plant food. The veiy conditions which makt; drainage 
desirable have brought to the areas an abundance of plant food 
and oi^anic matter during past ages. When soils are very rich and 
conditions may be made favorable for the production of enormous 
crops of high money value, by simply draining them, the results of 
drainage may be very profitable. The amount of profit which 
may result from the drainage of land is dependent upon the kind 



of crops which the owner may desire to grow and the facilities 
for marketing such crops. Very often the soil after being dnuned 
is well suited to the growth of* market garden crops, such as 
cauliflower, celery, spinach, onions and ciibbage. If the railroad 
or other facilities for marketing such valuable crops are favorable, 
the money expended in draining the land will be amply repaid. 
On the other hand, if the area is to be used for a general farm crop, 
and if the cost of drainage per acre is found by calculation to be 
very great, the project would probably not be a profitable one. 

Profits from Drainage. — Several things must be considered in 
determining the cost of draining a given area. This should always 
be determined as closely as possible before the work is undertaken. 
By the use of the carpenter's level or an inexpensive farm level 
(Fig. 84), any one can determine whether or not drainage is pos- 
sible. In doing this the distance for each line of drain may be 
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measured. The outlet of the main drain must first be determined. 
The length and number of lateral drains running to the main 
drain should also be determined. If tile drains are to be used the 
cost of material, as well as an estimated cost of di^ng and closing 
ditches, and the cost of placing the tile, is easily determined. 

After thus estimating the elements of cost for any drainage 
project it is wise to estimate the increased price of land result- 
ing therefrom. This should be measured by its probable crop- 
producing ability, and should not be based upon speculative land 
values. Usually when such calculations are made in advance the 
profits from any drainage project are great enough to fully warrant 
the cost. The increased price of land is so great, and the cost 
of drwnage so small, that results are usually very favorable. 



Fra. S6. — Studeati jilacing tile in dilch for land drsinace. 

Kinds <rf Drains. — There are two main types of artificial 
drainage in use: (1) Underdrainage; (2) open ditches. These 
two methods may be combined in the same project. The main 
dr^n may be an open ditch with lateral underdrains leading to 
it. This is moat desirable where the quantity of water to be 
carried by the main may be very great during the rainy season. 

In small drainage projects it is usually best to use underdrains 
(Rg, 85). This type has several advantages over the open system: 
(1) No area of land is wasted if the drains are covered. (2) There 
is no waste time and labor of man and teams in farm work because 
of open dit«hes. (3) There are no strips left for the growth of 
weeds. (4) The cost of repair is reduced. (5) The results in 
actual removal of soil water are better. 
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Effects of Drainage. — ^When underdrains are properly installed 
the benefits resulting from drainage are of several kinds. We 
usually think of the removal of surplus water as the chief ad- 
vantage; but other results are as important. The feeding area 
for roots is deepened. Instead of the roots remaining near the 
surface during the wet season they may extend to a much greater 
depth at all times. This results in less damage during the hot, 
dry weather of midsummer. Underdrains cause the upward 
movement of surplus water. This often prevents surface wash- 
ing and will aid in drawing air into the soil. As the water 
moves downward air must follow. In the spring the entrance of 
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air hy this means has a beneficial effect in warming the soil. Crops 
may be started much earlier and the growth be more rapid. Such 
conditions favor the growth of market garden crops, early potatoes 
and fruits which are to mature in time for the best market prices. 
A corollary to all of these effects of drainage is an increase in bac- 
teria and chemical action in the soil and subsoil. This increase 
is due chiefly to the admission of oxygen and nitrogen among 
particles of soil which have not been sufficiently supplied with 
air. Underdrains ventilate the soil by admitting oxygen and 
nitrogen and by removing carbon dioxide. Much of the surplus 
carbon dioxide may be dissolved in soil water which is carried 
downward to the drains. 



IRRIGATION 



IRRIGATION 



This name is given to a number of different methods of supply- 
it^ water to soils used for agricultural purposes. Every one is 
familiar with the needs for irrigation in regions having low annual 
rainfall. The purpose is to supply water at a time when the 
growing crops most need it, thus securing increased yields suffi- 
cient to give ample returns for the cost of irrigation. Not only is 
irrigation needed in arid regions, but it is often found profitable 
even where the annual rainfall is abundant. This is because 
water may be artificially supplied during dry, hot weather when 
the rainfall is not enough to produce maximum crops. Recent 
trials made on light soils in the east have shown that yields of 
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potatoes and truck crops can be increased many fold and that the 
profit from such irrigation is very great. 

About twelve million acres of land are irrigated in the United 
States. This is only a snmll fraction of the arid region which 
could be improved by Irrigation. There is also a very extensive 
area which can never be profitably irrigated tjecause of the diffi- 
culty and enormous expense of conducting water to the land. 

The United States Government has under construction a 
number of irrigation projects which will Irrigate many thousands 
of acres {Fig. 86). As soon as the land watered by this means 
becomes available for use it may be sold to actual users and the 
money reinvested in other irrigation projects. Extensive areas 
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have also been irrigated by grants of land made by the national 
government to individual states. The states or companies char- 
tered by them have installed irrigation systems and thus reclaimed 
several million acres of arid land which was otherwise useless for 
the growing of crops. Individual owners have irrigated small 
areas in all parts of the country. 

Irrigation Systems. — In large irrigation projects water is 
stored in lai^ reservoirs formed by the building of dams across 
either deep gorges or shallow cuts made by streams. Some of the 
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largest and highest dams in the world are found in these projects. 
The ArrowTock dam in Idaho is the highest dam in the world, 
l)clng 34if feet high. The Roosevelt dam in Arizona has a total 
height of 290 feet. Another govcmnient dam at Elephant Butte, 
New Mexico, has a total height of SOO feet (Fig. 88}. This dam 
forms the largest artificial reservoir in the world, excepting the 
Gatun Lake on the Isthmus of Panama. The Elephant Butte 
dam is capable of storing 2,1)27,700 acre-feet of water and will 
create an artificial lukii o( over 40,000 acres which is, however 
mostly worthless land. 
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Before such projects can be safely undertaken it is alnays 
necessary to determine the annual stream flow through a series of 
yeais. The supply of water for the project can thus he accurately 
determined and tlie investment of money in the project is well 
founded. For many years the United States Government has 
gauged the stream flow in many parts of the country for the 
purpose of determining the water supply. The information thus 
recorded may be useful at any time that a project is contemplated. 

Canals are built to conduct the water from storage reservoirs 
to the upper side of the area to be irrigated. Smaller canals or 



divisions are used to carry the water to different parts, and canal 
systems may ramify the whole area (Fig. 89). 

Water from Dry Streams. — Another plan of supplying water 
for irrigation is to pump water from large wells in tin- beds of 
submerged streams. The water from such wells Ls supplied to 
the canals, by which it is conducted to the areas within n'at-h. 
A noted project u-sing this sy.stem is near Garden City, Kansas, 
where waUir is pumped from the apparently dry bed of the Ar- 
kansas River. 

Id humid climates water may be obtained from streams, wells 
and springs. It may be pumped to small storage reservoirs or 
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directly into irrigation ditches. It may be forced by the pump 
directly through pipes to the fields. 

Methods of Applying Water. — Water may be applied to fields 
where crops and orchards, arc growing in several different ways. 
One of the must common methods is to conduct the water along 
shallow ditches and let it Sow from them into furrows which run 
along the rows of the growing crop. In the fields of clover, al- 
falfa or other sowed crops the furrow system is also sometimes 
used (Fig. 90), but has the objection of leaving bare strips where 
the crop has been killed by the furrow. For such sowed crops 
the method knmra as floodinR is more commonly used. The field 
when laid out may be levelled if necessary, so that water flowing 
in at one side will spread somewhat evenly through the surface 
without washing the soil or damagmg the growing crop. 
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Subirrigation is sometimes practiced by laying tile deep enough 
in the ground to avoid damage when plowing. Irrigation water is 
allowed to flow into the main, which is slightly higher than the 
laterals, and water is thus conducted to the whole garden or field. 
This system is applicable only to small area& It has the advantage 
of not wetting the surface and thus puddling the soil or causing it 
to bake. Such difficulties are sometimes found in other systems 
of irrigation. 

Overhead pipes, placed on posts high enough to allow the woik 
of men and teams under them, are used to supply water directly 
to truck crops. E^ch line of pipe running across the field is con- 
nected with the head pipe, supplying water to all the lines. The 
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delivery pipes are supplied with numerous openings through 
which the water flows upon the field. By turning the Une of pipe 
with a lever the direction of the small streams of water is changed 
so that the water may be more conveniently and evenly distrib- 
uted over the surface. The delivery pipes are close enough to- 
gether so that the water from two parallel pipes may reach all of 
the area between them. 

FIELD Aim LABORATORY EXERCISES 

1. Make a farm level by securing two elbow joints of ^-inch pipe on the 
ends of a piece of ^-inch pipe 2 feet long. When the elbows are securely on, 
they should both point upward when the pipe is on the table. Then in the 
upper openings of the two elbows insert a piece of ^ass tubing about ^ inch 
in diameter and 4 inches long. This may be done with perforated rubber 
corks or in some convenient method. Color some water with a little black 
ink and fill the "level" until the water stands level half way up in the glass 
tubes. This "level" is permanently level whenever it is resting on a table or 
box in the field where it is beine used. One may sight across the top of the 
liquid in the two glasses and this line of sight will be in the level plane of opera- 
tion in la3ring out drainage systems. 

2. Another device for use in running levels is made bv drivine two four- 
penny^ finish nails in the two ends of a carpenter's level which is about 2 feet 
or thirty inches in len^h. Have the nails stand at equal heights above the 
wood. When the spint in the level reads correctly, the operator may sight 
across the top of the two nails, and this line of sight will be in the level plane. 
Both of these devices are reasonably accurate for preliminary surveys. 

3. Make a sighting pole by selecting a larse piece of wood about 1 x2 inches 
and 12 feet long. Carefully mark this off with a soft black pencil at intervals 
of one foot. Number these by pasting on a prominent number above each of 
the marks. The figures for this may be cut from a large calendar. This pole 
may be held by the pole-man, who will carrv a foot ruler in his hand for use in 
determining the exact height of the pole where the line of sight of the instru- 
ment-man strikes the pole. For longer distances the pole-man may point to 
the line of sight with a pencil covered with a handkerchief and when the true 
point on the pole has been found, th^ height above the nearest foot mark is 
measured witn a ruler and the reading recorded. 

4. Running Levels. — ^With the above instruments, students should prac- 
tice running levels, taking the readings at intervals 100 f*et apart along a road 
or along other lines selected for practice. From the data thus obtained, make 
drawings showing the amount of rise and fall along the surface of the ground, 
indicating the distances at each point below a stated line above caUed the 
datum line. 

5. The above exercise should be repeated in a field where drainage might 
be worth considering. From the data obtained calciUate the amount of fall 
possible along the Ime of operation. It is safe to assume that the head or 
upper end of the line of trial drainage should be two feet under the surface 
oi the ground, and should not come closer to the surface than that at any 
point, except near the mouth, where the water is to empty. 

6. Outflow from Drains. — If drain tiles are in use in the vicinity, the out- 
lets should be examined at intervals of say every eight hours after a heavy 
rainfall. The records should be taken each time. Make notes of the gradual 
increase and decrease in the outflow. W^hat do these indicate with reference 
to the efiiciency of the drainage in that particular case? 
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7. Cost of Drainage. — Study the structure and make notes regarding the 
items of cost of a complete drainage system in a field where the project is 
either completed or being contemplated. 

8. An overhead irrigation svstem, if one is in use in the vicinity, should 
be studied by the students ana the structure of the nozzles, the location of 
valves and other details should be well understood. Make a drawing of the 

Eipe lines and indicate the distances apart, the size of pipe, the length of each 
ne. Show location, direction and size of the supply pipe. 

9. Testing Effect of Irrigation. — If possible, on two plots grow one crop 
having all conditions for growth the same, except the supply of water. Let 
one plot be irrigated and the other supplied only with natural rainfall. Cal- 
culate the increased yield due to irrigation and compare this with the cost of 
the water supply. Credit the net increase to the cost of the irrigation plant. 

QUESTIONS 

1. Give the advantages of drainage. 

2. Tell what kinds of places are likely to need drainage. 

3. How much increase in value often accompanies drainage? 

4. liow can an owner figure the profits to be derived from drainage? 

5. Give the advantages of underdrains as compared with open drains. 

6. Give some idea of the area of land under irrigation in the United States. 

How much more needs irrigation? 

7. Describe the reservoir plan of water storage and irrigation. 

8. Describe the methods of applying the water to the field. 
References. — United States Farmers' Bulletins: 138, Irrigation in Field 

and Garden; 158, How to Build Small Irrigation Ditches j 187, Drainage of 
Farm Lands; 263, Practical Information for Beginners m Irrigation; 266, 
Management of Soils to Conserve Moisture; 371, Drainage of Irrigated Lands; 
373, Irrigation of Alfalfa; 392, Irrigation of Sugar Beets; 394, The Use of 
Windmills in Irrigation in the Semi-arid West; 399, Irrigation of Grain; 404, 
Irrigation of Orchards; 524, Tile Drainage on the Farm; 698, Trenching 
Machinery useJ for the Construction of Trenches for Tile Drains. 



CHAPTER XI 

CROP ROTATIONS 

A field becomes exhausted by constant tillage. — Ovid. 

• 

The production of crops may be divided into two classes. 
(1) The general crop production when a number of kinds of crops 
are produced. (2) Special fanning or special crop production, 
when attention is given chiefly to one or perhaps two money crops. 
Specialized farming is more and more coming to be the practice 
in America. Many farmers in New York state, as well as else- 
where, produce timothy hay as their only money crop. In the 
West alfalfa is now frequently found to be the only money crop. 
In the South the money crop on different farms may be cotton or 
sugar cane or tobacco. In parts of Louisiana and Arkansas rice 
is sometimes the only crop raised for sale. In the northwest and 
middle west wheat or other small grain is sometimes the only 
crop on many farms. Potato growing is an example of sp)ecial 
farming in many parts of the country. Other examples of this 
kind are orcharding, or market gardening, or raising of sweet 
potatoes, or sugar beet growing. 

Specialized farming may extend beyond the production of 
crops and is illustrated in poultry raising or more specialized egg 
farming, or swine farming, or the production and sale of dairy 
products, or the raising of mules, or the production of some pure 
breed of livestock. Where livestock farming is involved the opera- 
tions on the farm are usually less specialized. The management 
and feeding of livestock usually involve the production of a wide 
range of farm crops. 

Whether the system of farming carried on by any manager 
is classified as special or as general farming it is advisable, and 
usually necessary, that he should adopt suitable systems of rota- 
tion. In general farming, where several crops are grown, it is 
easier to establish a suitable plan for their rotation. When only 
one or two crops are produced it is not so easy to profitably plan 
a rotation course, but this may be accomplished by the growing 
of cover crops, green manure crops, !md catch crops between the 
regular seasons when the main crops arc produced. 

137 
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Management Required. — ^By rotation of crops is meant the 
order or arrangement of their succession. On a given field the 
plan is made to have one crop follow another for the purpose of 
securing certain definite beneficial results. This is in contrast 
with the plan of having the same kind of crop grown on the same 
field for several seasons, with no other crop intervening. 

One of the most important elements in good farm management 
is. to have a good system of rotation established for each field. 
The plan should always have for its foundation good scientific 
reasons which are applicable to the particular case in hand. The 
rotation should suit the soil, the kinds of crops grown, and also 
take into consideration the market conditions and money return 
from the business. 

Many good systems of rotation are in use. No one can hope 
to specify any definite rotation which would best suit all condi- 
tions. Each farm manager must become thoroughly acquainted 
with the underlying principles or reasons, and then make use of 
them in formulating the rotation course for each field. 

Take, for example, a dairyman in Wisconsin, who has his farm 
divided into four fields and has on each of these fields a four-year 
rotation. 

The first year field A has com; field B has oats, followed by 
clover just starting; field C has clover with timothy; field D is 
chiefly timothy with some clover and is used for growing pasture 
for that year. 

The second year field A is sowed to oats, with clover and 
timothy seed as B was the year before; field B is now used for 
clover hay; field C is used for pasture and D is growing com. 
Thus each year the rotation is pushed back one arid the cycle is 
complete in four years. The four fields are approximately the 
same in size. 

It must not be supposed that this identical plan can be followed 
even by all dairy farmers. 

Underlying Principles. — ^There are a number of fundamental 
reasons which are applicable in special cases. These should all be 
bome well in mind by the owner or manager when he is planning 
any rotation course. 

1 Some crops gather nitrogen from the air and add it to the 
soil, while others exhaust it or rob this element from the soil. If 
a rotation be adopted whereby the use of nitrogen-gathering crops 
of the legume family are used once or perhaps oftener in the rota- 
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tJOD, money is saved which would otherwise need to be used in the 
purchase of nitrt^en in the form of manure or commercial fertilizer. 
The growth of legumes may be so planned as to actually increase 
the store of nitrogen in the soil. The growth of a legume with a 
Don-l^;ume is shown in figures 91 and 92. 

2, Crops differ widely in their root systems. Some have very 
shallow roots, as timothy and other grasses; while others have 
deep roots, as alfalfa and clover. The growth of crops varying in 
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this respect on a certain field will make lietter use of the fertility, 
and the plant food will not be exhausted so soon. 

3, Cover crops should be grown in the winter and usually in 
other seasons after the main crops have been ha^^'ested. These 
cover crops prevent the loss of soil and plant food by washing and 
leaching. In a well-planned rotation a growing crop can be kept 
on the field practically all the time. When but one crop is grown 
the soil is often poorly protected. This does not apply, however, 
where the single crop is grass or alfalfa. 
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4. Ihversification of crops meani< a variety of soil treatment, 
a? fertilizing, limiiig, plowing and cultivating at different times of 
the year. Such a variety of treatment is usually better thaa 
following the same tillage at the same season each year. By suit- 
able planning soil moisture may be conserved by proper tillage at 
the right season. 

5. Weeds are better kept in check. Annual weeds are seldom 
injurious in hay fields. Most perennial weeds are le^ common in 
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grain fields and cultivated crops. Rotation therefore tends to 
choke out each type of weeds. The growth of a cultivated crop 
will help to destroy perennial weeds, and the growth of a perennial 
crop will help to destroy annual weeds. 

6. Injurious matter in the soil exuded by roots during their 
growth are somewhat poisonous to the one kind of plants. By 
rotation this material may be used up or changed by the action 
of plants of a different kind. 

7. Certain crops arc oifpn badly affected with special kinds of 
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injurious insects. By the growth of different plants the next year 
these insects may be destroyed or caused to leave for want of 
their special kind of food. The wheat midge is not injurious in a 
com field. The clover maggot does not affect the cotton crop. The 
cotton boll weevil is not injurious to other crops. 

8. Plant diseases are often kept in control by rotation. For 
example, club root of cabbage lives over in the soil and would 
affect subsequent crops if cabbage is grown continuously. It may 
also affect closely related crops, but it will not attack potatoes, 
com and many other crops. Similar affections living over in the 
soil may be injurious to the roots of beets and raspberries. If 
these plants be grown together or in succession the rotation must 
be planned to destroy such diseases. 

9. Rotation may require a greater diversity of farming. This 
in turn results in more sources of income than where one crop 
only is produced for market. Some income is more certain when 
several market crops are produced. If one crop fails the others 
may not. If the market be poor for one it may be good for the 
others. 

10. If rotation brings about more diversified farming it will 
give more continuous work for men and teams, because the work 
will be distributed more evenly throughout the year. One of the 
great losses on many farms arises from the fact that man and 
horse are not steadily emploj'^ed in profitable work. In the one- 
crop system much loss arises from this source. 

One-year Rotations. — The farm may produce onlj'^ one kind 
of market crop. This is true in many lines of special farming. 
Rotations are still possible. Cotton may be grown year after 
year on the same field. The objections to this may be chiefly 
overcome by establishing an annual rotation; that is, by the use 
of a winter cover crop grown during the late summer, fall, and 
winter and turned under in the spring as green manure, perhaps 
a few weeks before cotton is planted. The winter cover crop may 
be sown in the late summer or early fall between the rows of 
cotton. An extra cultivation may be necessary to make the con- 
ditions favorable for the seed. Some cotton growers use crimson 
clover for this purpose. Much the same effect may be secured by 
the growth of peanuts, cow peas, soy beans or other summer crops 
between the rows of cotton or between the rows of com. The 
ground thus receives a different treatment and nitrogen is accumu- 
lated by the legumes to supply nitrogen for the growth of cotton. 
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Similar annual rotations may be adopted for other cultivated 
crops, such as com, potatoes, sweet potatoes and market garden 
crops. If the winter cover crop cannot be grown between the rows 
of the main crop it may in some cases be started after the main 
crop is removed. Such would be the case in the annual rotation 
with spring wheat, spring oats, or other small grain. 

Two-year Rotations. — ^Two market crops may be grown in 
alternation with each other and frequent or constant use may be 
made of cover crops. Under careful management winter wheat 
may follow com. When the wheat is harvested a cover crop is 
grown until the next spring when com is planted. A cover crop 
may be composed wholly or in part of leguminous plants, and the 
nitrogen supply will then be maintained. 

When cotton and tobacco are both grown one may follow the 
other if a cover crop is used after each. 

Early potatoes arid corn may be used in a two-year rotation 
with a cover crop following each main crop. 

Three-year and Four-year Rotations. — In systems of farming 
where livestock are used and general farm crops are produced, 
four-year rotations are commonly found. The four-year rotation 
already described is a very common one. If more oats are pro- 
duced by this method than are desired for the farm teams, Canada 
field peas may be sown with the oats every other time the oats 
are planted. The mixture of oats and Canada peas may be cut 
for hay just at the close of the blossom period (Fig. 92). Some of 
the oats and peas may be allowed to mature and then ground 
together to be used as feed for dairy cattle, swine, poultry or other 
livestock. This use of Canada peas with oats is a success in 
northern and middle states but not far south. 

A good three-year rotation on a Uvestock farm may have 
com, followed by a cover crop, the first year; spring grain the 
second year; clover which was seeded with the grain is cut for hay 
the third year and the second growth of clover the third year is 
used as green manure and turned under before com is planted. 
Thus two legumes may be used in the three-year rotation. 

This plan gives no timothy hay, but the rotation could easily 
be extended one more year and if timothy seed is used with the 
small grain, in addition to the clover, mixed hay is obtained the 
third year and nearly clear timothy may be cut the fourth year. 

A good four-year rotation is illustrated in the main plots of 
figure 93, a five-year rotation in figure 94, a seven-year rotation in 
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figure 95, a three-year rotation in the three plots back of the 
orchard in Egure 96. 

Three-year Rotation for the South. — A good rotation for a 
southern farm raising its own feed may be planned as follows: 

first year, com with cow peas sown at the time of the last 
cultivation, followed with winter oats and vetch sown at the time 
the com b cut. 

Second year, oats and vetch for hay or grain, followed by cow 
peas for hay, followed by crimson clover or bur clover as winter 
cover crop, to be pastured and cut for hay or seed the next spring. 
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Third year, cotton with crimson clover or bur clover sown 
between the rows at the time of the last cultivation; or oats and 
vetch may follow the cotton after an early harvest— this latter 
plan beit^ better in the boll weevil region. 

Another plan for a three-year rotation, to use just north of 
the cotton belt, is as follows: 

First year, com followed by winter oat-s or other winter grains 
(with or without crimson clover) sown when the com is cut or 
before. 

Second year, oats. In which red clover or alsike clover was 
sown in very early spring; cut oats for grain or for hay, and the 
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clover will make enough growth to furnish some pasture that 
season. 

Third year, clover hay one or two cuttings, and pasture through 
the following winter. 

In the growing of alfalfa a rotation may be followed. Com 
followed by a cover crop may be used the first year. In the spring 
oats and peas are sown and the crop cut for hay in the blossom 
stage. The soil is prepared immediately for alfalfa and kept 
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Fia. 95. — A ten-acre school farm showing the building facing south. The crops in the rota^ 

tion are merely suggestive. (U. S. D. A.) 
FlQ. 96. — A school farm plan in which the school building faces west. The principal's 

home yard opens on the side road. (IJ. S. D. A.) 

fallow until August when the alfalfa seed is sown. Alfalfa may 
then occupy the ground for three or four years, or as long as the 
stand reniains good. It is then plowed up for com. 

Long rotation courses are sometimes followed in regions 
where a single crop is desired for market. This may be the case 
where cotton is to he grown as frequently as possible without 
detriment to the soil. In the corn belt and in wheat growing 
states long rotations are sometimes adopted. 
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Winter wheat is sometimes followed by winter wheat with a 
catch crop of very early cow peas or soy beans started quickly by 
disking the stubble. This plan is pursued for two, three or four 
years, and then the ground is seeded to clover and timothy after 
the last crop of wheat. After one year of clover and one or two 
years of timothy the sod is turned under and com is grown two 
or three years with a winter cover crop sown in the com each 
summer until that fall when wheat is to be started again. 

In cotton fields the crop should be followed each year with a 
winter cover started each siunmer in the cotton. After three 
years of cotton on the field, com crops, or perhaps early potatoes, 
are grown for two seasons. Or com is grown one season and pota- 
toes one season. A winter cover crop should follow in each case. 
The ground is then given one year's rest from any market crop by 
leaving the winter cover for an early hay crop during that summer. 
A crop of cow peas may be grown and the soil prepared for cotton 
the following spring. 

Shorter rotation courses are always more beneficial to the soil. 
The yields are better and other advantages of rotation are realized. 

Washington's Rotation. — In the years preceding 1800, George 
Washington was using the following seven-crop rotation on one of 
his farms in Virginia: 

Wheat, fall sown. 

Buckwheat, for manure. 

Wheat, fall sown. 

Clover or grass, three years. 

Com and potatoes in altemate rows. 

Rotation for Peanut Growers.— Southern peanut growers may 
adopt a four-year rotation somewhat like this: 

First year, cotton and bur clover. 

Second year, com and cow peas. 

Third year, peanuts, followed by winter oats. 

Fourth year, peanuts for hogs after oats. 

In some sections the peanut crop is grown between the rows 
of com as shown in figure 91. In that case the rotation may be 
much shorter, and cotton need not enter into the rotation,. 

Rotations for Tmck Farnung. — In gardens and truck farming, 
rotations should be practiced. It is in such places that the greatest 
benefits are realized. When a single crop is grown continuously, 
in the same part of the garden, some of the greatest difficulties 
are found. Beets, potatoes, turnips and other root crops are 
10 
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subject to scab and similar diseases which live over in the soil. 
For these the best remedy is rotation. The use of short season 
crops, called catch crops, grown between the seasons of the main 
crops, may often be used in market gardening as well as in the 
home garden. Whether these catch crops be used for green 
manure or not, some benefit will arise from their use. The greatest 
benefit, however, usually comes from plowing them under as 
green manure. 

Siu:ce88ian cropping may be practiced in market gardening by 
having the rows of one crop far enough apart to start a second 
crop between the rows before the first is removed. This plan, 
known as succession cropping, may be helpful to the soil, or much 
less injurious than the growth of a single crop. For example, if 
sweet com is grown with the rows wide enough, start peanuts 
in alternate rows with the com. Nitrogen will be gathered from 
the air by the peanut plants. 

Companion cropping is only slightly different from succession 
cropping, and has the same advantages. Examples of these are 
the growth of garden peas with early spinach or either of these 
with lettuce. 

Acres in the Rotation. — It is often found that the number of 
acres used for a given crop may not suit the number of acres to be 
used for the crop which is to follow on the same field. For example, 
in the first four-year rotation here described the owner used the 
same number of acres for each of the four crops or purposes. If 
another farmer washed to adopt the same plan he might prefer to 
have more com than oats. In any such case the area for a given 
crop may be reduced by using a part of the field for a subsidiary 
crop. Thus the size of the field devoted to oats in that case could 
be reduced by using a part of it for potatoes. This could be done 
systematically, and if planned in advance would cause no variation 
in the rotation system. 

Market Fluctuations. — It frequently happens that the price 
of a market crop is very low for a year or two, and many farmers 
change their system and stop growing the crop. This may result 
in the price being very high inmiediately. Then the pendulum 
swings back and all farmers raise more of that crop because the 
price was high last year. This condition is due to a desire on the 
part of many farmers to speculate on the market conditions. It 
usually results disastrously. A better plan is to adopt a definite 
rotation S3rstem and follow it in spite of slight annual variations 
in price. 
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What Crops to Grow. — ^The young fanner starting for himself 
in a given locality will usually be guided in the selection of crops 
by observing what crops are grown to good advantage in his 
neighborhood. This is usually a wise course to follow. There are 
a few respects in which it may be misleading. It is well also to 
consult with the authorities of the State Experiment Station 
regarding the adaptation of the soil and climate to the particular 
crops desired. Recent changes in market conditions for the given 
locaUty should also be studied. These may include new methods 
of transportation or new industrial conditions in nearby cities. 

Much time may be saved by making such studies in advance, 
even before the farm is purchased, if possible. Rotation courses 
cannot well be established without knowing the possibilities of 
the soil, and the suitability of crops to the climate, markets and 
transportation facilities. 

It should be remembered by the young manager that it is 
usually better to produce several kinds of crops than only one. 
Diversified fanning has many advantages: better rotations can 
be planned; the returns may not always be so great, but they are 
more certain year by year; the men and teams on the farm may 
be used to better advantage; more livestock can be kept, and 
thus more manure produced for the upkeep of the soil. 

FIELD AND LABORATORY EXERCISES 

1. Charts of Actual Rotation. — ^Visit farms and gardens where systematic 
rotations of crops are carried on. Make charts showing the rotation on each 
of the fields and discuss the merits and demerits of these. If a number of places 
are studied, the benefits of the system in each case should be considered with 
reference to the objects in view by the owners. 

2. Rotation and Labor. — L tudy local rotations with reference to the amount 
of labor required in putting in the crops used in the rotation, i. e., the number 
of plowings required during the seasons of yield, the number ol harrowings, 
applications of fertilizer, etc. Suggest if possible any improvements, con- 
sidering the fighting of insects, weedS and other enemies. 

3. Rotation and Nitrogen Supply. — Find, if possible, a rotation S3r8tem in 
use in the vicinity which does not sufficiently provide for the natural supply 
of nitrogen by growth of legumes. Suggest a plan by which more legumes 
could be grown without changing the number of money crops during the sea- 
sons of rotation. Calculate the mcrease in cost of producing these legumes 
considering seed, sowing, and other items. Determine from this what saving 
of commerciaJ fertilizer or farm manure would be effected by the growth of 
the legumes. In cases where no fertilizers are being used, determine what in- 
crease in money crops would be necessary to overbalance the cost in growing 
the legumes. Woula the growth of the legumes improve the soil? 

4. Find examples of bad rotation or lack of rotation, showing some of their 
disadvantages on those farms. Consider each of the ten points mentioned 
in this chapter. 
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5. Good Local Rotations* — Outline one-year rotations, two-year rota- 
tions, three-year rotations and four-year rotations. Use crops producins 
yields suited to the market conditions of the region. This exercise should 
give systems different from those suggested in this chapter. 

6. Succession Cropping. — ^Find examples of succession cropping among 
gardeners nearby. Give a oescription of the time of planting ana other points 
of management for each of the crops in succession. 

7. Companion Cropping can eaisily be found among commercial gardeners 
and in home gardens. Eaon example should be described in detail. 

QUESTIONS 

1. Distinguish between general crop production and special farming. 

2. Give some idea of the manager's problem in establishing rotation systems. 

3. What are the underlying principles which the manager must keep in mind? 

4. Explain what is meant by one-year rotations and give examples. 

5. Give illustrations of two-year rotations. 

6. Why are three-year and four-year rotations better suited to livestock 

farming? 

7. Give an example of each of these. 

8. Give some good rotations for truck growing regions. 

9. Explain what is meant by succession croppmg and companion cropping. 
10. How may market fluctuations tend to change rotation systems? 

References. — United States Fsurmers' Bulletins: 144, Rotation of Crops; 
242, An Example of Model Farming: 294, Farm Practice in the Columbia 
Bamn Uplands; 310, A Successful Alabama Diversification Farm; 337, Crop- 

Sing Systems for New Eng^d Dairy Farms; 365, Farm Management m 
[orthem Potato-growing Sections; 614, Efficient Farm System for the Com 
Belt. 

Cornell Farm Crop Series No. 2, The Rotation of Farm Crops. 



CHAPTER XII 
FORAGE CROPS-GRASSES 

Isn't it wonderful when you think, 
How the creeping graases grow, 
Hiffh on the mountain's rocky brink, 

In the valley down below? 
A oommon thing is a grass-blade small, 

Crushed bv the feet that pass. — 
But all the dwarfs and giants tall, 
Working till doomsday shadows fall, 

Can't make a blade of grass. 

— Julian S. Cutler. 

There are two great families of plants from which are pro- 
duced nearly all of the hay, pasture and soiling forage for live- 
stock — grasses and legumes. Grasses have certain definite 
characteristics by which they are distinguished from other families 
of plants. The leaves have parallel veins and are usually very 
long, slender and pointed — ^the bases sheathing the stem. The 
stem has fiber bundles scattered through it, except in those 
which have hollow stems. The scattered bundles are shown in 
the stem of a com stalk. The st^ms are marked with closed and 
enlarged joints or nodes. The fiowers are inconspicuous and when 
the pollen is carried it is usually by the wind. To this family 
belong the numerous grasses used for pasture and hay, as well as 
a number of the cereal plants, com, wheat, rye, oats and barley. 

Deflnitioiis. — ^When the leaves and stems of plants are used for 
stock feed, such plants are called forage crops. The plants may 
be eaten by stock while growing, as in a pasture; or tlie plants may 
be cut green and fed before dr3ring. They are then called soiling 
crops; and such a practice of feeding is called soiling. When a 
forage crop is cut and dried before feeding it is then called hay or 
fodder. Forage from the finer grasses and plants is called hay 
and that from the coarser leaves and stems is called fodder. Ex- 
amples of fodder plants are com, kafir and sorghum. When com 
has had the ears removed the remaining feed is called slover. 
When com or other forage plants are cut up and preserved in a 
silo the feed is known as siUige or ensilage. Straw is the resulting 
stems, leaves and chaff after seed has been thrashed from the 
mature crop. Examples are legume straw of several kinds, and 
straw from buckwheat, small grains, millet and others. 

140 
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Pastures may be classified into permanent and temporary, as 
the crops used in each case vary widely. Temporary pastures 
may be produced by the growth of annual crops or other plants 
having a short duration. A field may be used as a temporary 
pasture after a crop has been harvested and aftermath has started. 
The second growth of clover is very commonly used as a temporary 
pasture. Stock are frequently allowed to graze on young grain 
in the fall, winter or spring before the plants begin to form true 
stems. If conditions are favorable this practice induces plants 
such as wheat and rye to '*stool-out/' and send up many more 
stems from the plant. The result is usually a better crop than 
where grazing is not practiced. 

Permanent pastures are usually kept on farms where there 
are hillsides too steep for tillage. Fields that are too stony, or 
too wet, or otherwise unsuitable for cultivation, are used as perma- 
nent pastures. The amount of stock feed grown in a permanent 
pasture will depend largely upon the grasses and legumes used, 
and upon the attention or conditions given them for suitable 
growth. 

The plants to use must be adapted to the conditions. In low- 
lands, where water stands much of the year, alsike clover is one 
of the best legumes to use, and redtop is one of the best grasses. 
These should of course be mixed with other plants, such as Ken- 
tucky blue-grass, white clover, meadow fescue and perhaps some 
timothy. 

On uplands, where the drainage is better, less redtop and 
alsike clover should be used. A mixture of timothy, Kentucky 
blue-grass, white clover and fescue are suitable for the north- 
eastern states where the climate is cool and humid. In states 
farther south, Bermuda grass may take the place of timothy in 
such a pasture, but the best of all pasture grass in humid climates 
is Kentucky blue-grass and this should form the bulk of the mixture. 
In semi-arid regions smooth brome grass is probably the best 
p)ermanent pasture grass, besides the native grasses of the region. 

Permanent pastures should be given some attention to make 
them more permanent and profitable. There is often much 
danger from weeds and other adversities. Places where the grass 
becomes thin should be re-seeded from time to time. Harro\iing 
a pasture is often beneficial, particularly when more seed is sown, 
lime is often helpful to a pasture where the roots and decay of 
vegetation have made the soil sour. Most grasses and legumes 
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are improved by the use of lime. A top dressing with commercial 
fertilizer, or with barnyard manure, will often stimulate the pas- 
ture growth and promote good returns. 

Pasture Mixtures in Different Sections. — In regions where 
blue-grass is easily grown, this is the chief crop used in permanent 
pastures. As the crop does not thrive well in dry regions, and is 
not well adapted to soils deficient in lime, it is often found advis- 
able to mix with it grass or clover to supplement the pasturage. 
Timothy is a fairly good pasture grass for upland places and is 
otten mixed with blue-grass. Creeping white clover when mixed 
with blue-grass pastures has the tendency when approaching 
maturity to cause horses to slobber severely. Particularly in the 
wet season, as early spring, it may cause bloating of cattle. How- 
ever, it furnishes good feed and may be used with caution. For 
low grounds, add to the mixture some redtop. 

In some of the western states where the climate is compara- 
tively dry, smooth brome grass is mixed with other grasses such 
as blue-grass, white clover, redtop and timothy. 

In the gulf states and some of the other southern states, Ber- 
muda grass is commonly used in permanent pastures. Mix with 
this small grains, as wheat, oats and barley and sow in the fall to 
form a winter pasture, and for the same season have crimson clover 
and hairy vetch sown at the same time. In the early spring the 
same pasture may be sown with lespedeza to improve the pasture 
through the summer season. 

SoiUag crops are valuable particularly for dairy and swine 
feeding. They are used chiefly during the dry summer season 
when pastures are poor. The manager must have the crops 
growing in time to cut for soiling purposes at any time when the 
hot summer weather destroys much of the pasture forage. The 
flow of milk from dairy cattle is kept up by this means at a very 
nominal cost and much loss is thereby prevented. Com is one of 
the best soiling crops, but in some sections is not mature enough 
for use in this way when the dry weather begins. It is then well 
to have some other green feed ready for use. Oats and Canada 
peas grown together may be cut in the green state and used for 
soiling. Red clover is also fed green. Alfalfa is perhaps the most 
satisfactory of all crops for soiling, as it is ready to cut at almost 
all times and the crop itself is better when cut frequently. 

Hay. — ^Timothy is the chief hay plant in the cool, humid 
districts of America. Smooth brome grass and various native 
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grasses are used in the arid and semi- 
arid sections of the middle west. In 
the soutbem and soutbeastem states 
efforts are made to find satisfactory 
substitutes for timotby. Johnson grass 
is grown in the western portion of this 
area, but has the objection of being a 
very bad weed where cultivated crops 
are grown. Bermuda grass in the gulf 
states yields well enough to be suit- 
able for hay. In other sections of the 
South annual crops are more fre- 
quently grown. Eedtop and fescue 
are well suited to the interior stat«s 
of the South. 

In southern states it is even more 
important than elsewhere to grow a 
mixture of grasses for bay. IMmothy 
orchard gras.s, redtop, Italian rye grass, 
tall meadow oat grass (Fig. 97), fescue, 
and others may be mixed together and 
will make a better stand of hay than 
any one alone. If alfalfa or clover be 
mixed with some or all of these grasses 
a better crop is produced (Fig. 98). 

Fodder Crops. — Com is the lead- 
ing coarse fodder crop of America. 
By careful selection of varieties or 
strtiins its adaptation has been widely 
extended northward. In the drier cli- 
mates of the West kafir com is some- 
times substituted for it, or used to 
supplement it. True sorghums are 
used in dry, warm climates. Kafir is a 
non-saccharine sorghum (Figs. 99-100). 
Milo-maize and durra are also of this 
type. 

Most fodder crops are grown for 

seed, as well as for forage. These 

»t (rui ™*y ^' ^ *^^^ *** advantage in a 

™p« > silo. They are run through a cutter 



which may be adjusted to produce pieces varying in length from 
one-half inch to two inches. The fine cut ensilage is nsualiy best, 
as it is more completely used by stock. Many other forage plants 



itioD in Saulh Cuoliw. Fint c 



have been tried in silos and with more or less success. Com is the 
chief silage crop of America. 

l^mothy (Fig. 101) is popular as a hay crop because it grow? 
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well in the cool, humid ref^ions of the northeastern quarter of the 
United States. The seed is abundant and cheap. The plants are 
usually completely killed by plowing, and do not persist as weeds 
in cultivated fields. In most soils timothy does not live many 
years. When used in pasture mixtures it produces a good sod the 
firet year or two, but is soon run out by other grasses. In hay 
fields it is better the first year or two tlian afterward. It b, there- 
fore, well suited to a short rotation of crops. 

There are several plans for 

.seeding timothy: (1) The most 

common plan is to sow about 

ten or twelve pounds of seed 

per acre at the time small grain 

is sown. (2) A newer plan and 

perhaps better in regions where 

weeds are very troublesome, is 

! to plow the grain stubble in and 

I thoroughly prepare the seed bed 

to be sowed with fifteen to 

I twenty pounds of timothy seed 

; in August, or as soon thereafter 

; as the ground is moist enough 

1 to start the seed. (3) In sev- 

' eral New England states, and 

' less commonly elsewhere, timo- 

' thy seed is sowed in com fields 

1 after the last cultivation in July 

' or August. The last cultivation 

I is such as to make the surface 

[ very level. Com is cut very low, 

I or the stubble may be recut to 

Fia. loo-Ksiic cam, s non-ssctiiBrine avoitl difficulty in tho mowing 

tmm^"'or'[udd""a'liil"'B4?'m^™ weS of ^^Y the UCXt SCaSOn. 

with oQrn. Timothy usually produces a 

good aftermath, or second growth, after the first cutting if the 
moisture conditions are favorable. In dry sections, however, there 
is but one cutting and very little aftermath to be used for pasture. 
The lH;st timothy hay should be cut as soon as the seed is well 
formed and iK'forc the crop is entirely mature. In this condition 
it is n()t quite so cAsy to cure as when it is more mature. It is 
more relished by stock and there is less waste in the manger. 
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The amount of aftermath depends somewhat upon the stage when 
the m^n crop is cut. Maturing the seed takes the life from the 
roots and ia more detrimental to growth 
the same season and future years. 

Kentucky Blue-grass is botanically 
known as Poa jiratensis to distingui-sh 
it from Canada blue grass {Poa com- 
pressa). The latter is sometimes called 
wire grass in the North and is a very 
poor plant for cither pasture or hay- 
Kentucky blue^jraas is the best pas- 
ture grass in the moister parts of the 
country (Fig. 102). From the moun- 
tainous regions of the South it extends 
into Canada. In most of this wide 
range it requires no seed, but when 
timber is cleared off it takes pos.iea.sion 
of the soil, forming a tough sod which' 
yields a nutritious growth for graaiiig 
stock. Close cropping by sheep or 
other stock seems to improve its 
growth. Running root stalks near the 
surface of the ground maint.iin the life 
of the plants during dry weather and a 
luxuriant growth again reappears when 
rains fall. 

The amount of feed per acre is not 
so great as for many other grasses. 
Because of the shallow root system, 
growth quickly st«ps when dry weather 
sets in. If the early summer growth 
is allowed to form stems and produce 
a crop of seed it is very detrimental to 
the pasture. The drying effect, as seed 
is matured, saps the life from the un- 
derground parts. When pastures are 
not used by enough stock to prevent 

the formation of stems and seel it is p^Xr'"hM '^mp*''of'' Ameri"'.* 
well to clip the growth with a mower. (i'n'-i"<iivt Farm cmpi..) 
This will conserve the life of the phmts and improve the pasture 
during the dry summer. 
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Blue grass seed is light and chaffy and is easily adulterated 
with the Canada blue grass and other similar seeds. Samples 

should be tested before using. 
This may be done either by the 
grower or by the state seed 
analyst. 

Redtop (Fig. 103) is a true 
grass and should not be con- 
fused in the student's mind with 
red clover. There is no resem- 
blance between the two plants. 
Redtop is adapted to the same 
climate as timothy, but will 
endure much moister conditions. 
The growth is rank and very 
good crops may be produced on 
fields that are too dry or too 
poor to yield a good crop of 
timothy. The shallow root sys- 
tem causes the crop to suffer 
much from dry weather, but 
makes it well adapted to low, 
wet places. Because of the 
numerous rootstalks near the 
surface of the soil the sod pro- 
duced is tough and even. The 
seed is abundant and cheap. 
About fifteen pounds to the acre 
will produce a good stand. 
When seeded in spring, or when 
seeded alone or with other 
grasses in early fall, it will pro- 
duce a good crop the following 
season. Under favorable condi- 
tions the plants persist well and 
a good yield may be har\'ested 

Pio. 102— Kentucky biue-grase on left for many years in succession. 

and Canada blue-gr^s on right. Note the OrrhnrH crrACfS /Pio' 104^ iq 

erect Btera and open head of the former. V^rcnaTQ gTSSS Vrig. IV^) IS 

(Productive Farm Crops ) b^st adapted to the regious 

where timothy is grown. Its special advantage is its growth in shady 
places. It matures earlier than timothy, producing a tall, heavy 
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growth fairly well suited for hay. It grows in tufts or clumps, 
producing an uneven sod. For this reason it b not much used in 
pastures. 

Meadow Fescue. — There are several types of meadow fescues 



Pio. 103— Rodtop a wellBuiled to loo 
KHir »ila. (PtoducliTs Farm Crapa.) 

the tall form being the beat adapted for hay. They all make 
good sods and are useful in pastures as well as in hay fields, par- 
ticularly when mixed with other grasses. They thrive in the 
climate wbere timothy is grown, but extend much farther into 
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tbe drier climates. They are 
frequently foiud among tbe seli- 
sown grasses of the praine re- 
fpons. 

&nooth brome grass {Brormis 
inermis) should not be confused 
with the apiney or rough forms. 
This plant (Fig. 105) is used in the 
colder climates of the middle west 
where tbe rainfall is not enough 
for timothy. The plant makes a 
tall growth, producing one or two 
cuttings of good hay in a season. 
The abundance of underground 
rootetalks causes the plant to 
form a tough sod well suited for 
pastures. It is more permanent in 
the soil thanmont other "tame" 
grasses. When it is used in moist 
climates some criticism arises 
from the fact that it is not all 
entirely killed by plowing. A 
little extra attention will over- 
come this difficulty. 

Bermuda grass is widely grown 
throughout theSouth. Itis better 
suited to use in pastures than in 
hay fielils. Except in tbe Gulf 
states the growth is usually not 
tail enough for bay. The steim 
are often trailing and take root 
at the nodes, causing a dense 
mat over the surface. Because of 
this method of spreading, the 
plants are not easily killed by 
ordinary plowing and may persist 
in cultivated crops, such as cotton 
and com. In farm pastures, where 
it is cropped close, the yield is 
comparable wi tb that of blue^raas 
but is usually not so palatable. 
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It is Etdapted to much wanner climates tbuD Kentucky blue- 
grass, and extends into the tropics. 

Millets. — There are several types of millet. Common Hun- 
garian and Gennan millets all belong to the type known 
as foxtail millet. In these the head is 
a compact spike, more or less erect. 
Bamyard grass or foxtail is' often called 
barayard millet. The head is an open 
panicle. Broom com millet or hog millet 
has been recently introduced from Russia. 
It bus broad hairy leaves and b grown 
more for seed than for forage. Pearl millet 
might well be classed with the coarse fod- 
ders, as it grows from six to ten feet high. 
The head is a compact, erect spike. Because 
of its likeness to the wild cat-tail of the 
sworaps it id sometimes called cat-tail millet. 

All the millete are annuals (Fig. 106). 
The common variety of foxtail millet has 
nodding heads about six inches long. These 
turn yellowish brown when ripe. It ma- 
tures earlier than the other millets and is 
more popular for this re.ason. The plant 
is very leafy and produces large yields of 
bay. It is sometimes thrashed for the 
seed, which is used for poultry and birds. 
The hay from millets is coarse and filjrous 
and not so nutritious as hay from other 
grasses. When u-sed for horses it must be 
fed cautiously or mixed with other hny in 
the day's ration. If fed alone it may act 
injuriously upon the kidneys of hordes. 

Millets are hot weather crops and should 
not be seeded before late spring or early 
sunmier. They are often used as suninter 

catch crops, and for this purpose should fw.ioo— cummon miiict 
be mixed with cow peas or other small ^"ii^'by"f™t""'(i'raiup'tivf 

legumes. F^r™ Crops.) 

Sudan grass (Fig. 107) is closely related to the millets and 
its feeding value is about the same. It is similar in growth to 
Johnson grass except that it has no underground ruotstalks and 
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is an annual plant. It is native of Africa and is well adapted to 
our southern states. It endures the dry climate of the semi-arid 
states, and will produce several cuttings of hay in a season where 
the weather b favorable. It may be either sown broadcast or 



■nph «u uikea si Hsyi. in wsaMrn Kdduu. The Tiop endure* ■ dry ilinuM but id moiiler 
rcsloil* will mmke tfai«e or four cullinii k year. (U. S. D. A.) 

drilled in rows. The latter method is common where seed is to 
be harvested. 

FORAQE CHOP MACHINERY 

Mowers (F^g. 108), rakes and machines for special crops are 
used in comiection with the harvesting of forage crops. The mod- 
cm mowing machine is so well known that a description of it is 
hardly necessary. The improvement of the mower has caused the 
farmer to lay aside the scythe and cradle. With ii forage crops 
are harvested rapidly. 
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H^ rakes are of several types. The most common is one 
which rakes the bay with curved teeth, and the driver of the team 
or horse dumps the load at a certain place in the field so as to leave 
the hay in windrows. The dumping is by means of a hand or foot 
lever. The side delivery hay rake (Fig. 109) requires no dumping, 



Pio. IDS. — A OOP ot ndisd Unwthr ud doTsr. A popular minun In tba rad donr bdt. 
(1. H. Co.) 

but the hay is pushed to one side by a series of rakes on a revolving 
cylinder. By this method the hay is wadded and twisted more 
than by the other method. The sweep hay rake is used in the full 
handling of cured bay. It slides along the ground or b run on 



Fm. im.— Tha die dsUrerr luy rake nib ths bay into a wind nw at on« tide. <I. H. Co.) 

very low trunnion wheels. If a horse is hitched to each end, each 
travels at his own side of a windrow. The sweep takes up a 
large part of the windrow and carries it to the central stack. One 
form of this rake allows the horses to walk behind it and push it 
along. 

There are large hoisting machines which are well adapted for 
11 
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use in stackii^ bay in the open field. These are used in the drier 
regions of the middle west, or in the irrigated regions. Hay loadera 
(Elg. 110) are of several types. The most common form of these 



Pm. 110. — Tbfi tuy loader uve* (ba work ol two men. (I. H. Co.) 

rakes the hay from the swath and delivers it at the back of the 
wagon at the rear of which the machine is drawn. One man, with 



ria. III.— BuliDK nran witb tDein^drivcii presa. Note Ifae Kir-feeding inn kborc. 
(I. H. do.) 

a team which requires little care in driving, may place the hay on 
the wagon without assistance. 

Hay balers (Fig. Ill) are far more common since hay is sold 
in the cities so abundantly. A lat^e proportion of the timothy 
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and alfalfa crops in America is pressed into bales before packing. 
Portable balers are used on thousands of farms. They may be 
operated either by engines or by horse power. In the latter case, 
a sweep is used, the horse or team being driven in a circle. The 
hay is fed into the machine either by hand tools or by an auto- 
matic arm on the machine. As each bale is pressed, it is tied with 
two or more wires running lengthwise around the bale. Three 
standard sizes of bal&s are found. The cross sections in inches 
are 14 X 18, 16 x 18 and 17 x 22. The lengths of the bales may be 
varied during the baling process, but commonly vary from 38 
to 42 inches. 

Hay forks of several types are used in handling loads of hay. 
The double harpoon fork, the single harpoon fork, the grapple 
hay fork, and the derrick hay fork are all found in different sec- 
tions where hay is being made. A wagon hay siing is a stretcher 
of ropes and poles. This spreads over the back of the hay wagon 
and allows for the handling of a large amount of hay at once. 
Three or four slings are enough for one wagon load. 

The feeding values of some of the leading forage crops are 
given in the following table. The table also shows fertilizer 
ingredients contained in these crops: 



Name of feed 



Brome graas, smooth 

Bermuda grass 

Com ensilage 

Com fodder, green 

Kafir corn 

Kentucky blue gra^ss, 

hay 

Kentucky blue grass, 

green 

Meadow fescue 

Millet, barnyard 

Oat straw 

Orchard grass 

Prairie hay 

Red top, hay 

Sorghiun 

Timothy, green 

Timothy, hay 



Dry 
matter 
in 100 

lbs. 



86.7 

92.9 

26.4 

20.7 

48.0 

86.0 

34.9 
80.0 
86.0 
00.8 
90.1 
90.8 
91.1 
68.3 
38.4 
86.8 



Digestible parta in 
100 lbs. 



Fertility in 1000 lbs. 



I 



Pro- 
tein 



Carbohy- 
drates 
(+fat 
X2.2o) 



6.6 
6.4 
1.4 
1.0 
1.1 

4.4 

2.8 
4.2 
.0.2 
1.3 
4.9 
3.0 
4.8 
1.3 
1.5 
2.8 



47.9 
48.5 
15.7 
12.8 
24.8 

41.8 

21.5 
40.3 
40.4 
41.3 
45.6 
46.5 
49.1 
29.6 
21.2 
45.3 



Nitro- 


Phosphoric 
acid 
(PiOi) 


Potash 


gen (N) 


(K,0) 




« * • • 


• • ■ « 


17.1 


• ■ • 


• • • ■ 


4.3 


1.1 


3.7 


2.9 

■ • « • 


1.1 

• ■ ■ • 


3.9 

• ■ ■ • 


12.5 


4.0 


15.7 


6.6 




• • • 


11.2 


4.0 


21.0 


16.9 


1.3 


28.8 


5.8 


3.0 


17.7 


12.9 


3.7 


16.9 


9.9 


• • • * 


• > • • 


12.6 


3.6 


10.2 



5.0 
9.4 



2.6 
3.3 



7.6 
14.2 
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FIELD Aim LABORATORY EXERCISES 

Pasture Plants. — ^Examine several pastures of the vicinity, and make a 
list of the legumes, grasses, or other pasture crops grown therem. 

Improving Pastures*— -Ck)nsult the managers or owners and determine 
what treatment, such as liming, manuring, ht^wing, subsoiling, or re-seed- 
ing have been done to make the pastures more permanent. What indications 
do you find of any of these operations? Do any of them show beneficial results? 

3. Pasturing Fields.— ^tudyr the management of temporary pastures 
where stock are moved from field to field during the summer season. Make a 
chart of a farm using a rotation of temporary pastures. Indicate the crop that 
is or should be grown in each field. Give approximate dates for pasturing 
each field. 

4. Study the soiling system on some farm where it is systematically prac- 
ticed. Make a list of soihng crops that are or should be grown for each part 
of the season. Give the order in which these crops are to be harvested for 

feeding. 

5. Describe the owner's management of the barnyard manure under the 
soiling system, stating to what fields the manure is taken at di^erent times. 

6. Make collections of forage grasses, including heads, stalks, and leaves 
of all you can obtain. The smaller grasses may be pressed and mounted as 
botany specimens, and the larger ones may be neatlv tied in bundles and hung 
in a convenient place for study. Label each plainly. 

QUESTIONS 

1. Define the terms forage crops, soiling crops, ensilage, stover and fodder. 

2. Give kinds of places where permanent pastures are most oonunonly found. 

3. Explain the soiling system with reference to dairy farms. What crops are 

grown for dairy soiling? 

4. Compare the advantages of certain grasses useful for hay. 

5. What pasture crops or pasture mixtures are grown in your section? 

6. Why is timothy so highly prized as a hay crop? 

7. Discuss the value of blue-grass for pastures. 

8. Give the adaptations for redtop; for orchard grass. 

9. Where is smooth brome grass most grown? Compare it with timothy. 

10. Where is Bermuda grass grown and what are the arguments in its favor? 

11. Discuss the millets as hay plants. 

References. — United States Farmers' Bulletins: 101, Millets; 164, Rape 
as a Forage Crop; 246, Saccharine Sorghmns for Forage; 271, Forage Crop 
Practices in Western Oregon and Western Washington; 202, The Cost of 
Filling Silos; 312, A Successful Southern Hay Farm; 361, Meadow Fescue: 
Its Culture and Uses; 382, The Adulteration of Forage-plant Seed; 402, 
Canada Blue-grass: Its Culture and Uses; 431, The Peanut; 458, The Best 
Two Sweet Sorghums for Forage; 477, Sorghmn-eirup Manufactmre; 494, 
Lawns and Lawn Soils; 502, Timothy Production on Irrigated Lands; 608, 
Market Hay; 509, Fora^ Crops for the Cotton Region; 515, Vetches; 605, 
Sudan Grass; 677, Growing Hay in the South for Market; 726, Natal Grass— 
A Southern Perennial Hay Crop; 

Cornell Bulletin 313, The Production of New and Improved Varieties of 
Timothy. Vt. Bui. 94. Vermont Grasses and Clovers, Farm Grasses of the 
Unites States, Spillman, Orange Judd Co., N. Y. Grasses and How to Grow 
Them, Shaw, Webb Pub. Co., St. Paul. A Text Book of Grasses, Hitchcock, 
Macmillan Co., N. Y. 



CHAPTER XIII 

LEGUMINOnS CROPS 

The legume family of plants is sometimes called the clover fam- 
ily, as it includes all the clovers. Here are also found the soy 
bean, cow pea, all true beans, field and garden peas, vetches, lu- 
pine, serrodella, the locust tree and many other valuable plants. 
Several of these are considered in the present chapter. The plants 
of this family all have divided leaves of one form or another. The 
flowers are irregular in shape with five sepals and five petals. 
The seeds are borne in one-celled pods, and the products, whether 
seeds or forage, are always rich in protein, which is one-sixth nitro- 
gen, hence any feeds made from these crops are especially valuable 
for dairy stock and for growing animals of all kinds. 

The members of this family have the characteristic power of 
obtaining nitrogen from the atmosphere when they are supplied 
with their own special bacteria. No other families of plants have 
this power. It is for this reason that it is important to provide the 
proper bacteria in the field where legumes are growing. Of course 
in many cases these bacteria are found naturally. The great value 
of legumes for use in upbuilding the soils and providing nitrogen 
for all other crops is appreciated by farmers in all regions where 
the soils are deficient in nitrogen. Members of the legume family, 
if supplied with the nitrogen-gathering bacteria, will not only se- 
cure their supply of nitrogen from the air, but will also leave a 
supply for use of succeeding crops of other kinds. This supply 
is left chiefly in the roots, stubble, stems and leaves of the legumin- 
ous crop. The decay of these tissues soon lil>erates nitrogen for 
com, potatoes, wheat or other crops growing in that field. 

CLOVERS. — ^The true clovers most used for forage are: Red 
clover, alsike clover and white clover. The latter is used only in 
pastures. Crimson clover is used as a winter cover crop and is 
frequently cut for hay in early spring or may be grown as a sum- 
mer annual and cut for hay. 

Red Clover (Rg. 112) is far the most popular clover grown in the 
United States. It is well suited to humid climates and is grown 
throughout the eastern states and on the western coast. The seed 
is conmionly sown in early spring, using about fourteen quarts 
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to the acre, in fields of grain, which may be started ^ther at the 
same time or the precediii);; fall. It b a very common practice to 
grow the crop with timothy or other grasses. The length of life 
of the oommon red «lover is about two years. When grown with 
grain it produces only a few 
blossom heads the firat fall and 
may be used as timothy pas- 
ture if the soil is good. The 
next season a crop of hay is 
cut in early summer and a 
^second crop is usually pro- 
duced and may be used for 
pasture or for hay. 

When seed is to be saved, the 
second crop is used (Fig. 11.3). 
If this be the intention of the 
owner the first cutting should 
be made very early, before the 
blossomii begin to turn brown. 
This will give more time for 
the secimd growth to mature 
a crop of seed ."uid will save 
more of the vitality of the 
plants for the second crop. 
The plant is pollenized through 
the work of bumble-bees or 
Italian honey-bees having very 
long tongues. As bumble-bees 
are not so active in the spring, 
little seed can be obtained from 
the early growth. 

In diHtricta where red clover 
-— - -■ is commonly grown and used 

od'?' 'i^'b^^'ri* "'V "' "^ 'tT'' "''""''"* fo"" ^^y' ^^^ manure will spread 

the bacteria which ermble Ihe piinl In tske iu the inOCUIation to all fields of 

■atroR^- Iron. »ii «r. (Firti. ot th. F.rn,« ) jj,g ^^^ ^^ ^^ artificial io- 
oculation will be necessary. In regions where clover is seldom 
grown inoculation may be neccssarj' to .eeoure a good stand. 
It is often beneficial to use some lime on the soil at the time 
clover is started. The frequent use of clover in the farm rota- 
tion will usually insure good soil. Clover hay does not bring 
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as good prices in the market as timothy hay, althousb it ia 
more nutritious. There b more danger of its being spoiled by 
bad management, and horse owners are fearful of injurious 
results when it is used by careless feeders. Under such unfav 
orable conditions it is believed to a^ravat« the trouble known 
as heaves in horses. When clover is mixed with timothy in the 
field the clover will nearly all disappear by the 'second cutting 
season and nearly pure timothy hay mny be obtained that year. 

The clover root-borer is pne of its worst enemies and the 
death of the plants the second summer may often be attributed 
to this enemy. 

Mammotli Clover. — A variety of red c'over known as mammoth 
or "sapling" clover is much taller than the common variety and 



1 kbundint during the lut hkll of tha 

produces lai^r yields on soil that is not so fertile. For this 
reason it is grown where the common variety produces a light 
crop. 

White clover (Trifolium repens) is commonly used in pas- 
tures and lawns (Fig. 114). It is a low, creeping perennial whicrh 
is very hardy, even in the extreme north. It has a shallower root 
^^tem than any of the other clovers. It usually thrives without 
special inoculation, but is much more thrifty when on soils well 
supplied with lime. Forage produced by this plant is fine and 
palatable, but the yield per acre is very light. It is not used for 
hay alone, and even in pastures it is usually mixed with blue- 
grass, Bermuda grass and other pasture crops. After the plant 
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has reached the blossoming and seeding stage, it tends to cause 
horses pasturing upon it to slobber severely. For this reason it 
is considered objectionable in pastures intended for horses. 

The plant readily spreads by seed, and by runners, helping to 
make a very dense covering of the soil. 

Alsike clover is midway in size of stems, leaves and blossom 
heads between common red clover and the low white clover. It 
was once thought to have been produced by a crossing of these 
two clovers. It is more successful than red clover on poor soils, 
on very dry soils, or very wet soils. Because of its ability to grow 
on acid soils it is not so much improved by the use of lime as red 
clover. Because of the fineness of the stems the hay is of good 



Pis. I U.— WhiU olorsr {Tri/olium rtrKu) when ddI putund becomsi tsll enough U> mow 
fur hay. but the yield b light. 

quality but the yield is small and in many sections only one 
cutting a year is made. Its fineness of stem makes it easy to cure 
and the hay is improved partly for this reason. The plant b 
sometimes spoken of as an annual because it will produce a cutting 
of hay the year after it is started, if seeded with other grasses or 
grain in early spring. But under favorable conditions it will Uve 
from three to five years, because the roots are less subject to 
attacks of clover root-borers. The seed is slightly smaller than 
that of red clover and is sowed at the rate of four to six pounds 
per acre when mixed with timothy. A crop of seed is easily ob- 
tained in the northeastern states. Pollenizing is done by the work 
of common honey-bees and much honey is secured by them from 
alsike clover. 
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Crimson clover (Fig. 115} is an annual usually used as a winter 
cover crop. The h^wJs are long and usually of a bright crimson or 
scarlet color, but there is a variety with white blossoms. In the 
southern states and as far north as Ohio the crop is usually sown 
in summer or very early fall. The growth produced during the 
fall season makes a green cover over the soil throughout the winter. 
This may be used for grazing purposes when the soil is not too 
muddy. In early spring the growth becomes more rapid and the 
flower stems shoot up quickly . It may then be cut for hay or may 
be turned under as a green manure for improvement of the soil. 

The hay crop is best suited for dairy cattle and for sheep, ss 
the plant is very fuzzy and should not be used to any great extent 
for horses. 



Fia. lia.— ChmKO clovar *■• u new thing in ItAi community and lU »« pl««sed with it. 

(E, Thomu.) 

The crop is often sown with a mixture of winter vetch and 
winter gr^, or with either of these separately. These mixtures 
make a more dense growth on the soil during the winter and more 
green manure b produced to turn under in the spring. The mix- 
ture may also be cut for hay if desired. The presence of the grain 
makes the hay coarser and not so rich in protein. 

The seed of crimson clover has been produced chiefly in Europe. 
American farmers are also beginning to produce it. The heads 
are sometimes stripped with simple home-made devices corre- 
sponding to wooden combs and are caught in a carrier behind the 
oomb. They are then cured and the seed thra.slied out by the use 
of hulling machines. The riBe seed heads are sometimes cut with 
a common mower to which a carrier is attached. As the carrier 
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is Qlled it b dumped, leaving the heads in piles to be hauled to 
the bam. Improved methods of seed harvesting will tend to 
reduce the cost, and will greatly encourage the more ^ctensive 
growth of this valuable winter cover, 

Alf ALFA (Fig. 116) is closely related to the clovers, but is not 
considered a true clover, belong- 
ing to a different genus. Al- 
■^m though this plant has only re- 

, ^ cently come into general use in 

the United States, it is one of 
the oldest hay plants of the 
world. George Washington tried 
it on his farm at Mount Vemon. 
It usually produces more hay 
in a year than other forage crops 
used for this purpose. The plant 
is a perennial and will live for 
many years under favorable con- 
ditions. It may be crowded 
out by weeds after a few years 
and should then be plowed un- 
der. In the eastern states the 
seeding is usually done in August 
(Fig. 117), but in the West it 
is more commonly seeded in 
spring, and may be grown either 
with or without a nurse crop to 
start it. The nurse crop used 
is small grain. 

Alfalfa usually requires spe- 
cial inoculation for the soil, 
except in fields where it has 
Fig. iifi—Tha crown root iy.icm, and recently bcBU giown bcfore. In 

may" llxtnd to tt Stpll ol many "fwt*' '"v. the middle WCSt thlS is DOt 

**■ °' "* ' always found to be necessary, 

probably because there are enough wild legumes that use a similar 
kind of bacteria. The easiest method of inoculating the soil is to 
spread some bacteria-laden soil on the field after it is prepared 
for seeding. The new soil is taken from a field where alfalfa 
has recently been grown successfully. It should be harrowed 
in before the sun shines upon it enough to kill the bacteria. 
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lime 18 more helpful to alfalfa than to any other crop. If the 
soil U not of limestone origin it will pay to make heavy applica- 
tions of lime before growing the crop. Use at least one ton of 
pulverised limestone per acre or half that amount of burned Ume. 

In the northeastern and southern states there is much danger 
from weeds in the alfalfa field (Fi)^. 118 and 119). A smother 
crop, such as oats and peas, planted in early spring may be grown 



(PrailurtivG F«rm Cropi.) ' = " ' » " ■' bowipbh nrepeclivc y. 

for hay and removed before midsummer. The soil is then imme- 
diat«ly plowed and prepared for seeding and is kept in bare 
fallow until the middle of August when the crop i.^ seeded. During 
the interval the field should be harrowed several times. 

The amount of sefd per acre varies in different sections. 
Twenty to thirty pounds is recommended in the extreme East and 
Southeast. Farther west farmers use ten to twenty pounds. 
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Much care must be exercised in having the seed perfectly clean 
and free from weed seed. 

Alfalfa is not a good crop to fight weeds. One of the most 
conunon causes of failure with this crop is that the field becomes 
infested with weeds within a few years after planting. For this 
reason, it is probably more important to have pure seed than with 
almost any other farm crop. The seed should be secured from 
regions where the fields are as free from weeds as possible, and 
before planting the seed should be run through a fanning mill 
cleaner and thus freed from many of its impurities. 






There are several varieties or strains of alfalfa. The Grimm 
is the hardiest variety and the best for northern regions. Other 
etruns are not so well established. Some of these are of traiUng 
habit, and thus better suited to pasture than the more upright 
forms. The alfalfas also vary in their root systems from the long 
deep tap roots to the spreading roots. Some have a jointed root- 
stalk which sets up growth from the nodes or joints. Most of 
these forms are not well distinguished, and the seed of dbtinct 
varieties is difficult to obtain. Dealers handle seed from Tur- 
kestan under that name. The Grimm variety is also found in the 
market. Most of the seed sown in America is of the so-called 
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"commoD" type, and is grown in the arid and setni-arid climates 
of the middle west and extreme west. Usually the seed is thrashed 
each season from the second growth. 

Alfalfa should be cut frequently (Figs. 120, 121 and 122). 
The plant thrives better under this treatment. A common cause 
of loss on the crop arises from 
failure to cut it soon enough. 
In some irrigated regions uf 
California and other warm cli- 
mates it may be cut five times 
a year or oftener. As far north 
as New Jersey it should be cut 
four times a year. Where it is 
grown farther north it will pro- 
duce at least three cuttings a 
year. When the plants are be- 
f^nning to show their purple 
blossoms the crop should be cut. 
At about this stage of maturity 
the plants begin to send up new 
shoots from the buds at the 
crown. Cuttings should take 
place before these shoots have 
grown more than an inch, if 
possible. If the new shoots 
grow enough to be cut by the 
I machine when the old stems 

I ' are mowed the future growth is 

likely to be ruined. 

; Alfalfa hay is difficult to cure 

> in moist climates early in the 

I ■ season. Under such circum- 

' stances it may be advisable to 

Fia. 110. — Doddtr ia a paruiU WHd . .i_ i ■ • 

which ittuka Blfillk clover, and many othsr USC hay CapS OVer the ShOcks in 

ptaou. (Produoiiv. F«B.eK.p.) the field during the curing pro- 

cess. At other seasons and in drier regions this is usually unneces- 
sary. The hay should be handled carefully to avoid breaking off the 
heads (Fig. 123). It should not be allowed to dry as much as 
clover or timothy before it is hauled to the stack or hay mow. 
If some natural moisture ia still in the hay the leaves will not 
shatter off as much and better bay will be produced. 
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Hay cape (Fii;. 124) can be made of heavy muslin or of tight 
duck about 3x4 feet or a little larger. Common elghtpeimy n«b, 
each with two bends in it, are run through each comer and when 
the cap is in place each nail is hooked to a wisp of hay drawn by 



Flo. 123.— SUeklDc ilfkUa Id Sooth OtdHm. The hsr {■ bi 
kea onlkd "RQ^avila," uid ia then MMked with the cnne lUclu 



the finger from the under part of the hay shock. Hay caps pro- 
vided with euch light fasteners are easily handled in the field 
without a wagon. Enough for several acres may be carried by 
men or on the back of a horse. 



Flo. 134.— It piy* to nn bay apt <n ■ moixt c-limBU if (h« price o[ faav is hich. 
(Courtear R. P. Lambert, Alabuna.) 

THE COW PEA is a comparatively new plant in American 
agriculture, having been introduced from Southern China. It is 
now extensively grown in the central and southern latitudes of 
this country (Rg. 125). It is the most important legume for the 
states south of the red clover area. But its area is being rapidly 



176 LEGUMINOUS CROPS 

extended because of its many uses. It is a summer anaual and can 
be profitably grown for forage and for green manure wherever 
the sununers are warm. It will mature seed best in the warmer 
climates. The uneven ripening of the seed makes its harvest very 
difficult. 

The plant resembles the true bean. Its leaves are large, 
smooth, and divided into three large leaflets. The pods are loag 
and slender, containing many seeds which are of several colors 
among the different varietiea. Some seed is brown or clay-colored, 
as in varietiea called "Clay" and "Iron." Some have reddish 
seed, some black and some nearly white. "Blackeye" has white 
seed with black spot at the scar. 



""""illolheyounf lr«.. (Hibti of the Farmer.) ""PP J' 

The varieties differ widely in their habit of growth, time re- 
quired for maturity and yields of hay and seed. New Era La low, 
erect, and matures in about six or oiRht week.-* after germina- 
tion, but the yield ia light. Whippoonvill, Clay and Unknown 
are varieties with vigorous, somewhat upright growth, well suit«d 
for hay or for soiling. 

The cow pea does well on any soil but prefers a rich loam. It 
is one of the best legumes for soil improvement, when used as 
green manure or even when only the stubble and roots are used 
for that purpose. 
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Seeding is done after the weather is warm — about corn-plant- 
ing time or later. When drilled in rows for cultivation about three 
pecks of seed per acre is used when a grain drill is used, or when 
sown broadcast) five to eight pecks are required. The seed should 
be well covered to a depth of one-half to two inches. 

The crop may be cut for hay as soon as one-third of the pods 
have turned brown. It is usually cut with a mower, partly cured 
in the swath, and then raked and piled to complete the curing 
process before stacking. 

Cow peas are often planted with com or are drilled between 
the rows of cultivated crops in midsummer. They may be broad- 
casted with sorghum, millet, kafir, and other crops for forage. 
They will improve the quality and yield of feed and will gather 
nitrogen for the soil. 

THE SOY BEAN (Fig. 126) is also of Asiatic origin, and is a 
hot weather crop. In appearance it differs from the cow pea in 
having very short pods with usually only two or three seeds. The 
plant is densely hairy throughout. It is less used for forage partly 
for this reason, and partly because the leaves drop off badly be- 
fore the seed is ripe. The seed is chiefly of three colors, black, 
yellow and green. Varieties are distinguished chiefly in this way. 

In addition to its use for forage and for the improvement of 
soils it is coming to be grown more for the seed, which ripens more 
uniformly than in the cow pea. The entire seed may be ground 
and used for stock feed or the oil may be pressed out and used as 
salad oil and for numerous other purposes. The oil cake is used 
as stock feed. 

THE CANADA FIELD PEA resembles the common garden pea 
and is well suited to growth in cool sections in the extreme North, 
as well as in the South. It is a climbing plant and should be grown 
with grain to aid in harvesting the crop. In northern latitudes 
it may be planted with early spring grain, as with oats and barley 
intended for stock feed. In southern latitudes it may be grown 
with winter oats and will endure the mild winter. 

Such a mixed crop, if cut for hay when in the blossom stage, 
compares favorably with red clover hay in dairy feeding. If the 
seed is allowed to mature the grain and peas may be thrashed to- 
gether. The mixture may be separated if desired, but is usually 
ground together for use in feeding swine, sheep, dairy cows and 
poultry. The straw is much relished by stock. 

As pasture during the green growing stage, this mixture is 
12 
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very valuaUe for swine, sheep &nd cattle. The etock should not 
be allowed to pasture upon the crop until the peas have made a 
good growth. 



The use of Caoada field peas as a soil improver is becoming 
more common. An early spring growth may be produced and the 
green manure turned under in time for late crops of other kinds 
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JAPAN CLOVSR, of Leapedeza, is grown throughout the 
southern states from Texas eastward. It is said to have been exten- 
Kvely introduced as packing material from Japan. The leaves and 
blossoms are finer than alfalfa and the growth is seldom over twelve 
inches high, except on very rich soil. Throughout its district it 



runs wild and is of great benefit to permanent pastures. It is sel- 
dom cut for hay because of the light yield, but when cropped fre- 
quently by stock the growth is rapid and the yield per acre is 
much latter. Although it is classed as an annual plant, it reseedH 
itself and spreads rapidly. It is helpful to the soil, but is not much 
used as a green manure because of the light growth. 
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VETCHES are of several kinds (Fig. 127). Two of these are 
oommonly cultivated in America: (1) The hairy or winter vetch 
(Vicia villosa) is a winter annual, much used as a winter cover 
crop south of the northern tier of states. (2) Spring vetch or sum- 
mer vetch (Vicia sariva) is a much coarser plant and is not hairy. 
It is grown as an early spring or cool weather plant, but does not 
endure severe freezing. 

Hairy vetch is abundantly used when mixed with winter grain, 
or crimson clover, as a winter cover crop in orchards, gardens and 
fields. In the spring it may be cut for hay or for soiling, or the 
crop may be turned under as green manure. 

Spring vetch is very useful for hay and soiling purposes, and 
is usually grown with grain to support the viney growth. 

The seed of the different vetches should not be confused or 
mixed, because one plant is hardy and the other is not. Hairy 
vetch has smaller seeds, which are black or nearly so. Seeds of 
spring vetch are larger, brownish in color, and more nearly kid- 
ney shape than the others. Its pods are longer and more slender 
than those of hairy vetch and the plant is smooth throughout. 

THE VELVET BEAN is grown in Florida and other gulf states. 
During warm summer weather it will produce a vigorous growth 
in latitudes much farther north if plenty of water is suppUed. 
It will mature seed only in or near the gulf states. The stems 
are vine-like and may grow to a length of twenty or thirty feet 
in a season. Much forage is produced, but it is difficult to cure. 
The plant is valuable for green manure when worked into the soil 
by the use of a disk harrow. The seeds and pods are ground 
into meal for stock. 

MISCELLANEOUS LEGUMES.— Sweet clovers are of two 
kinds, the white (Fig. 128) being much more common than the 
yellow. They are perennial plants with stems and leaves resem- 
bling alfalfa, but the growth is usually much more rank. Chiefly 
by natural means the sweet clovers have become widely distrib- 
uted throughout the East and South. Their principal use is for 
the improvement of soils, but when stock acquire a liking for them 
they are also valuable as forage. The feeding value is equal to 
that of alfalfa, but the taste is bitter and is at first disliked by 
most farm animals. Sweet clovers are sometimes gro¥m by bee- 
keepers because of the abundance of honey produced. 

Bur clovers belong to the same genus as alfalfa, Medicago. 
There are two common species, the spotted medic and the tooth 
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medic. The latter is grown somewhat in California and in the 
South, but spotted medic is much more common in the southern 
states. It is sown on farm pastures in the fall and will produce 
a fresh growth after Bermuda grass dies to the ground. If the 
winter is not severe the bur clover will survive and produce good 



Pio. lis.— Tbe Ull awMt elover dI the while variety ig olUn «rovi 



pasture in fall, winter and early spring. If it is not pastured too 
closely it will reaeed itself and furnish an annual winter pasture. 
The bur clovers are valuable for winter cover crops in cultivated 
fields, and when used as green manure are beneficial to the soil. 
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The Peanut (Fig. 129), — The names "goober" and "goober 
pea" are given to those forms of the peanut which have no true 
stem and only one pea in each pod. This form grows wild, and 
is cultivated somewhat in the gulf states. Although the peanut 
is really a seed, the word "nut" i!< applied to it because of its Savor. 
The large Spanish peanut is chiefly grown for those purposes with 
which we are most familiar. 

The peanuta are grown for forage as well as for seed. The plant 
produces many leafy stems and makes good hay. The crop is 
grown commercially in the South Atlantic States and inland to 
Tennessee, Missouri and Kansas, southward and westward to 
Texas and California. The small yellow flowers are borne in the 
angles of the leaves and branches. After they pollinate and the 



FlQ, 129. — ^Twa typefl of pflknuti- Idrt« Vindnim type, mt left; Kniftll SnHiiIih t>'pp, at 
right. {0. S, D. A. in Ptoduf live Faun Crops.) ^ 

petals have fallen, the slender flower stems grow much longer and 
enter the soil. The development of the nuts is below the surface 
of the ground and the soil must be rather loose. (Figs. 13 and 14). 

The peanut prefers a light sandy loam. Although it will grow 
well on heavy soils, the nuts are apt to be discolored and less 
marketable. The soil should not be sour and lime is always ap- 
plied with increased returns. The crop endures a rather light 
rainfall during the growing period. 

For the maturity of the crop the season between spring and 
fall frosts should be from 90 to 125 days. The crop is very tender, 
even more so than the garden bean. The seeds of the large 
varieties are hulled before plitnting, but some growers succeed in 
starting by merely .soaking the hulls instead of shelling them off. 
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The results are less satisfactory. Small or single seeded varieties 
are seldom hulled before planting. 

The ground should be very mellow and well stirred so as to 
produce a good seed bed and should be entirely free from weeds at 
planting time. The distances between rows should be enough to 
allow of thorough cultivation, which is kept up until the vines 
spread well over the ground. A good crop to precede planting of 
any field should be one which is well tilled, or which otherwise 
keeps the weeds under control. Peanuts are often planted after 
the harvest of the oat crop in June. Farther north com or 
potatoes may have been on the field the preceding year. A syste- 
matic rotation should be maintained rather than growing peanuts 
on the same field continuously. Stable manure should not be ap- 
plied the same year that peanuts are grown on the field. Com- 
mercial fertilizers, if used, should contain all three of the essential 
elements in the proportion of three of nitrogen, seven phosphoric 
acid and six of potash. From 200 to 800 pounds of this mixture 
may be applied to an acre, depending on the natural fertility of 
the soil. Lime may be applied at the rate of one-fourth to one- 
half ton per acre. 

If peanuts are turned under, they add nitrogen to the soil, as 
the crop, when accompanied by the bacteria, is a strong gatherer 
of nitrogen. If the crop is entirely harvested, as by cutting for 
hay and then allowing hogs to root out the underground parts, the 
soil will not be improved in its fertility by the growth of the crop. 

The crop should be mature before the first fall frosts. The vines 
may be lifted with special machines, or may be pulled by hand 
when the soil is loose. They are piled up in slender shocks around 
rigid posts or poles to cure and after the nuts are removed the fod- 
der is fed to the stock. Care in curing keeps the nuts of a better 
color, and the price is correspondingly higher. Better forage is 
also produced by a little pains in curing them. The process is 
rather slow, as the stems are fleshy. 

The removal of the nuts from the vines after curing may Ix^ 
either by hand or by machines. The hand method is still much 
practiced in some sections, as better results are obtained, but the 
expen;3e is somewhat greater. 

The nuts must be kept thoroughly dry and protected from any 
dampneas to maintain a bright color of the shells. For nuts that 
are to be sold without shelling, a cleaning process to remove all 
dirt is required. 
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Besides for eating out of hand, the peanuts are used for a num- 
ber of purposes. They are ground and made into peanut butter 
by the addition of peanut oil or other vegetable oils. In some 
cases the oil is extracted and is used for a number of purposes. 
The by-product from the manufacture of oil is ground into pea- 
nut-oil-meal and is used for feed for stock. 

Other less important leguminous crops grown in limited areas 
are: Lupines, Florida beggar-weed, serrodella, sainfoin, bird's- 
foot trefoil, Egyptian clover, horse bean, lotus and kidney vetch. 

Digestible Nutrients and Fertilizing Values of Leguminous 
Crops. — ^The following table gives the feeding values and fertilizer 
ingredients of some of the most important leguminous crops: 



Name of fcHnl 



-\lfalfa, green 

Alfalfa, nay 

Alsike (in bloom) green . . 

Alsike clover, hay 

Canada field pea meal . . . 

Cow peas, green 

Cow peas, hay 

Crimson clover, hay 

Lespedeza (Japan clover) 
Peanuts (driea vines) . . . 

Red clover, green 

Red clover hay 

Soy beans, hay 

Spring vetch, green 

Sweet clover, green 

Sweet clover, hay 

Velvet beans, hay 

Velvet bean meal 

White clover, dry weight 
Winter vetch, hay 





Digestib 


Dry 


1( 


matter 


— - — - 


in KK) 




lbs. 


Pro- 


28.2 


tein 


3.6 


93.6 


11.7 


25.2 


2.6 


90.3 


8.4 


89.5 


16.8 


16.4 


1.8 


89.5 


5.8 


90.4 


10.5 


89.0 


9.1 


92.4 


6.7 


29.2 


2.9 


84.7 


7.1 


88.2 


10.6 


15.0 


1.9 


20.0 


2.5 


90.8 


11.9 


90.0 


9.6 


89.0 


19.7 


90.3 


11.5 


88.7 


11.9 



100 lbs. 



Carbohy- 
drates 
(+fat 
X2.25) 



Fertility in 1.000 lbs. 



Nitro- 
gen (N) 



Phojihoricp^^j^ 

(p^o.) ;(K«o) 



13.0 


7.7 


1.3 


5.() 


43.1 


26.1 


6.1 


17.9 


12.5 


6.2 


1.1 


2.0 


42.2 


20.5 


5.0 


13.9 


53.28 


32.3 


8.2 


9.9 


9.1 


3.8 


1.3 


4.6 


42.2 


14.3 


5.2 


14.7 


37.6 


24.3 


4.0 


13.1 


40.9 


22.1 


• « • • 


• • ■ • 


49.0 


17.1 


3.2 


11.6 


16.4 


7.0 


1.5 


4.8 


41.8 


19.7 


5.5 


18.7 


43.6 


23.8 


■ • « • 


• • • ■ 


7.1 


4.3 


1.0 


4.5 


9.3 


6.1 


2.4 


6.7 


37.8 


28.8 


5.6 


18.3 


65.7 


22.4 


• • • • 


• • • • 


61.6 


• • ■ • 


• • • • 


• • • ■ 


45.6 


25.1 


7.8 


13.2 


44.3 


27.2 


9.7 


24.4 



FIELD Am) LABORATORY EXERCISES 

1. Clover Roots. — ^Dig samples of growing clover plants, getting as much 
of the root system in each case as possible. Compare the root systems of the 
different kinds of clover. Also compare the diflPerences in the tap-rooted clovers 
as they appear in different types of soil. Does a hard subsoil make the roots 
branch more? 
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2. Comparing Clovers for Hav. — Study the clovers with respect to their 
leafiness and fineness of stems. Which ones will produce the best qualities 
of hay? Which ones are objectionable in any respect? 

3. Collection of Legumes. — Make collections of the different clovers, 
di^-in^, pressing and mounting as with botany specimens. Label each with 
scientific and common names. 

4. Make minute study of the flowers of the different clovers and alfalfa. 
By what means is each pollinated? 

5. Effect of Lime on Legumes. — Make plot studies showing the value of 
lime in ^wing red clover and alfalfa. An unlimed plot should be compared 
with a limed plot in each case. 

6. Inoculation of Legumes. — Make a similar study showing the need, or 
lack of need, for inoculation. Use several different legumes, as alfalfa, red 
clover and soy beans. These plot experiments may be either on the school 
grounds, on a neighboring farm, or at the homes of pupils. 

7. Artificial bacteria culture for alfalfa or some other legume should be 
obtained from the U. S. Department of Agriculture, and used according to 
directions to inoculate the seed, or the soil, or both. 

8. Soy Beans Compared with Cow Peas. — Compare samples of soy bean 
plants with cow pea plants. Note the differences in smootnness of leaves, 
stems and pods. Which is more leafy? W^hich has the greater number of 
seeds to the pod? Which develops its pods more uniformly? Which holds 
its leaves longer? From which would it be easier to harvest a crop of seeds of 
uniform ripeness? Which is probably the better crop for hay? 

9. Canada Peas and Garden Peas.-^-Compare plants of Canada field peas 
with the common garden peas. Note the differences. 

10. Japan Clover and Alfalfa. — Compare plants of Japan clover with al- 
falfa and with tall sweet clover. Note the similarity in leaves, and the differ- 
ences in the size, height and woodiness of stems. Compare the flowers and 
seed cases. 

11. Varieties of Vetch. — Compare samples of different varieties of vetch. 
Which ones are hairy? Which has the largest seeds? Which would probably 
produce the largest yields of hay? 

12. Peanut Plants. — Obtain samples of peanut plants in different stages 
of growth. Note elongation of the flower stem just after pollination. At 
what staffe should the soil be left loose for the covering of the nuts? Examine 
some of the underground parts a few days after the nuts are formed. 

13. Roots of Legumes. — Make a large collection of the roots of legumes, 
both wild and cultivated. If possible, see how many of these bear nodules for 
bacteria on their roots. 

QUESTIONS 

1 . Give the characteristics of the members of the legume family. 

2. By what other names is this family known? 

3. Tell of the difliculties in growing red clover and how to overcome them. 

4. Compare alsike clover with red clover as a hay crop. 

5. Discuss creeping white clover as a pasture crop. 

6. Under what conditions would you use hay raps in curing alfalfa or clover? 

7. What are the special uses for which crimson clover is adapted? 

8. What is the bc»Bt season for the sowing of alfalfa? How does this agree 

with the practice in your section? 

9. What is the importance of liming before sowing alfalfa? 

10. How may the soil for alfalfa be inoculated? 

11. Discuss the importance of cutting the alfalfa crop frequently. 

12. What are the signs indicating when alfalfa should be cut? 
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13. Give the special uses and advantages of cow peas? 

14. Compare soy beans and cow peas as hay producers. As grain producers. 

15. What is the practice in growing Canada field peas as regards season, mix- 

tures, harvesting and use? 

16. Discuss Japan clover as a pasture plant. 

17. Give the differences between the different kinds of vetch. 
IS. Tell what you can of the velvet bean. 

19. What two main types of peanut are grown in America? 

20. Why should the soil be free from iron or other coloring matter in growing 

market peanuts? 

21. Enumerate the products obtained from the peanut crop. 

References. — United States Farmers' Bulletins: 194, Alfalfa Seed; 224, 
Canadian Field Peas; 278, Leguminous Crops for Green Manuring; 289, 
Beans; 318, Cow Peas; 323, Clover Fanning on Sandy Jack-pine Lands of 
the North; 339, Alfalfa; 372, Soy Beans; 373, Irrigation of Alfalfa; 431, The 
Peanut; 441, Lespedeza, or Japan Clover; 455, Red Clover, 485; Sweet 
Clover; 495, Alfalfa Seed Production; 515, Vetches; 529, Vetch Growing in 
the South Atlantic States' 550, 570, and 646, Crimson Clover; 561, Bean 
Growing in Eastern Wasnington and Oregon, and Northern Idaho: 676, 
Hard Clover Seed and Treatment in Hulling; 690, Field Pea; 693, Bur Clover; 
730, Button Clover. 

Cornell Bulletin 260, American Varieties of Beans. Cornell Circular 15, 
Legume Inoculation. Alfalfa, Test of Varieties, Nevada Bui. 72. Alfalfa, 
Test of Varieties, S. Dakota Rep. 1910. The Soy Bean, R. I. Exp. Sta. Bui. 
92. Alfalfa, Cobum, Orange Judd Co., N. Y. Alfalfa Farming m America, 
King, Sanders Pub. Co., Chicago. 



CHAPTER XIV 
CORN 

But let the good old com adorn 

The hills our fathers trod; 
Still let U8f for his golden com, 

Send up our thanks to God. 

Whittier. — ^The Com Song. 

Although com is a grass it does not have a hollow stem, and 
the inflorescence is quite unlike other grasses. 

The new world is the home of the corn plant, and the United 
States is the greatest com country of the world, producing more 
than all other countries combined. Argentine Republic stands 
second in com production, where the jrield is about one-sixteenth 
as great as that of the United States. Over two and one-half bil- 
lion bushels are grown in the United States annually. It is the 
leading crop of the country in money value and exceeds all other 
crops, except potatoes, in tonnage. The grain is chiefly used for 
stock feed and in the production of meal for human food. For 
stock it is also used as roughage in the form of green feed, dry 
fodder, stover and silage. The grain is also used as human food 
in the form of com flakes and other breakfast dishes. It is eaten 
as green com and certain types are used for canning and popping. 
Starch, com symp and com oil are now extensively manufactured 
from the grain. The syrup is a wholesome substitute for cane 
syrup. The oil when refined is used in cooking and as a salad oil. 
A number of stock feeds are produced as by-products from 
factories where com is used. Gluten meal is perhaps the leading 
by-product. It is a rich stock feed obtained from com starch 
factories. Husks and cobs are also useful by-products. 

Rgure 130 shows at a glance the distribution of the com crop 
in the United States. The area where com is intensively grown 
is gradually moving northward. Great attention has recently 
been given to the improvement of corn through the work of com 
contests and boys' com clubs (Fig. 131) throughout the com 
growing states. This has increased and doubtless will continue to 
increase the average yield of com in many sections. 

Classes of Com. — There are six main types or classes 
of com shown in figure 132. In order of importance the four main 
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oommercial types may be named as dent com, flint com, sweet 
com, and pop com. In the botajiical sense there are two other 
types, pod com aud soft or floui' com, but these have no partio- 
ular value in agriculture and commerce. 

Most of the field com grown is dent com. The crown of the 
kernels is usually dented in because the liard or ilinty portion of 
the kernel is on the aides only. The crown is much softer than in 
flint and pop com. The yield in pounds or bushels per acre is 
greater than with other tjrpes of com. llie com plants of the 
dent varieties do not sucker so much as the flint varieties. The 
length of season required for maturini; the crop is greater for dent 
com, but short season varieties are being developed. 



Pio. 131.— Ods hundred liity.Ki-cn bushels of Boone County white corn ruied bj 
thli vouog DUD an ons sera In VlriiDiB, Note the brge prapaitian ot very sood san. (U. 
S. D. A.) 

Flint com is hard on the crown, as well as on the sides of the 
kernel, and stock do not masticate it so well. The ears are usually 
very slender and bear a small number of rows of kernels. The 
crop will mature in a shorter period and is therefore grown farther 
north than most varieties of dent com. The fodder of flint com 
is valuable because of the great number of leaves and suckers. 

Sweet com has a supply of sugar instead of so much starch. 
The amount of hard or homy part of the kernel is limited, or 
wanting. This type is grown chiefly for use as green com and for 
canning purposes for human food, but the stalks are valuable for 
fodder. In soiling systems of feeding some varieties of isweet com 
are much used because they mature even earlier than ^nt corn. 

Pop com is especially valuable as human food when popped. 
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Its ability to turn inmde out when subjected to great heat is due 
to the presence of volatile oil contained in the kernels. 

Varieties. — A com grower in any section should make a 
careful study of the varieties grown there successfully. This will 
enable him to determine which variety will produce the greatest 
yield, the largest proportion of com on the cob and the best seed 
for future crops. It is not essential that variety or strain selected 
should have a special name. 

It is usually not profitable to introduce new varieties from a 
distance, but if this seems necessary, because there is no good 
strain nearby, the new seed should be grown for a few years in a 
seed plot under careful selection before it is used as the main field 
crop. The best of it may be found to adapt itself to the local soil 
and climat,e. 

The composition of the different types of .com and their 
products is given in the table with other grains for the sake of easy 
comparison (see chapter on Small Grains). 

Prep^tion of SoiL — In the extreme northern states the 
ground to be used for com should be plowed the preceding 
fall, particularly if the soil is heavy. Elsewhere, and on light 
soils, early spring plowing may be practiced. In either case the 
ground should be harrowed as early as possible and put into fine 
tilth. The harrowing should be repeated as soon after each heavy 
rain as it may be done safely. The warm spring air is thus allowed 
to enter the soil and bacteria action is increased. Weeds will ger- 
minate and the next harrowing will destroy the sprouts. If several 
weeks elapse during this harrowing season the soil will be made 
so warm as to cause the com to germinate more readily, and much 
of the weed seed will be entirely destroyed. This process also 
conserves much of the soil moisture, allowing it to penetrate a 
little deeper into the soil instead of evaporating. The crop will 
suffer from drought much less because of the long and thorough 
preparation of the soil before planting time. If the rains have 
been very heavy, and the soil becomes too compact, it is some- 
times advisable to disk the soil or stir it with a cultivator just be- 
fore planting time. 

Planting. — A common distance between rows is three feet 
eight inches, but farther south, or when the growth is unusually 
large, the distance may be four feet between rows. In the check- 
row plan three stalks in a hill is very common, but slight varia- 
tions are found for different varieties and for different purposes. 
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Com planters may be operated either by hand, by one animal, 
or by a two-horee team. Hand planters are very inexpensive. 
They will plant a single row of com as quickly as the one-horse 
planters, but the kernels are left in close bunches and the plants 
crowd each other while growing. 

The horse planters have advantages over hand plimters by 
drillii^ the seed better, and carrying fertilizer boxes for the dis- 
tribution of commercial fertilizer. They open their own trenches 
and also cover the seed. 

The two-horse planters plant two rows at a time. They may 
also be provided with chains by which the com is planted in rows 



Fia. 133.— Riding cultivnton irith amsll sfaorol^ an muvh lued by com gninn in all sec 
tioDS of tbe rountry. (Batemsn Mrg. Co.] 

both ways like a checker board. Thia method of planting is called 
"check rowing." In the greatest com growing states check-row 
planters are often used. If the fields be weedy the cross-row 
system of cultivation pvps better results, and less hand work, or 
none whatever, is required in keeping down the weeds. 

Tillage, — Com is not a tender crop when young. About 
the only danger in the till^e of the crop is when the plants be- 
come covered with soil. The root system has a firm hold on the 
soil before the plants are large enough to mark the rows. This 
allows the grower to make free use of the harrow and the weeder 
through the com field, regardless of the young com plants, be- 
fore weeds can be seen, and the work of sprouting and killing weed 



TILLAGE 193 

aeeda, which was b^un before planting, may he continued after 
each tain until the com is so high as to be broken by the cross bars 
of the harrow. Danger may accompany tliis practice in stony or 
cloddy fields. The harrowing on a young corn field should be 
done lat« enough in the day to allow tlie surplus moisture to escape 
from the plants, and they will be bent instead of brolcen by the 
harrow. 

After the crop is perhaps eight or ten inches high the use of 



Pio. 134.— Tbs mt-aystam of corn pluts siitr day* after the dste ol plmling. Thr 
whole field of •oil would be permuted with the leedlnc tooti, whicfa ihuuld not be degtroyed 
by deep tUlaae. 

cultivators may begin (Fig. 133). Cultivators with small teeth 
or narrow shovels are usually to be preferred, unless the soil has 
been allowed to stand after heavy rains without tillage and a dense 
crust has formed. In tiuch cases heavy shovels are necessary, 
Com growers are familiar with the extensive shallow root system 
of the com plant (Fig. 134) and realize the great danger resulting 
from the use of heavy shovels which till the soils very deep. There 
is less actual labor in using the finer machines more frequently. 
13 
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An ordinary team can easily cultivate two rows at a time with a 
light cultivator. If cover crops are to occupy the field after the 
com is harvested the field may need to be pven extra cultivation 
once or twice to make a good seed bed for the cover crop. This is 
usually done after the com is in tassel. 

Machines for cultivating com are of many kinds. In some 
sections the old-fashioned two-shovel cultivator is still in use, but 
better forms are rapidly replacing them. Small-tooth cultivators 
with about fourteen teeth are becoming popular, aa they cultivate 
an entire middle and are drawn by one animal. The same is trye 
of some of the spring-tooth cultivators. Two-horse machines are 
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arranged for cultivating two sides of a row at once, but some cul- 
tivate the entire middle and also two sides of the two adjacent 
rows. Thus two entire rows are cultivated at once. 

The chief features to be remembered in choosing a cultivator 
are that it shall have small shovels or teeth and have a number of 
them. This makes the draft light; the work is rapid; frequent 
cultivation is possible; a crust is not allowed to form on the soil, 
and tillage may therefore be shallow; the roots are not injured, 
and the growing crop thrives better. 

Harvesting.— There are several methods of harvesting the 
com crop. In the central com states the most common practice 
IB to husk the ears from the standing stalks and store them in 
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cribs. Livestock are then allowed to pick over tbe Gelds and est 
much of the remaining crop. In more intensive furming the stalks 
are cut either by hand or by machine when tbe com is ripe, or 
neariy so. It is put in shocks varying in size according to the 
climate, and well tied so it will not blow over or be seriously in- 
jured by the weather. The eaiB are husked from the shocks and 
stored in cribs and the stalks are tied in larger shocks or put in 
stacks for stock roughage during the winter. Figure 135 shows 
the work being done by nmchinery. 

Com barvestii^ machines are very valuable where much cura 
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is grown. The machine ties the stiiiks in small bundles, which arc 
easily gathered by hu,nd and placed in shocks. 

In some southern states it is still a common practice to go 
through the com field just l>efore the crop is ripe and pick off the 
leaves and perhaps out off the t<}p of tlie stems above the ears. 
This fine fodder is tied in small bundles and dried for stock fot'd. 
I^ater in the year the cars are either husked in the fields or snapped 
off and stored in cribs with the husks on. The practice of snapping 
com in southern latitudes is due to tbe attitcks of the grain moth. 
When busks are left on, tbe damage from this insect is not so great. 
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When com is to used as silage (Fig. 136) it should be cut after 
tbe com is nearly mature. It will then contwn the maximum 
amount of nourishment and will not sour bo badly in the dlo. 

There are aev^^l types of com-harvesting machines. A simple 
form is to have a sharp blade attached to one mde or at two sides 
of a sled drawn between the ro^ra by one horse. A man on the 
sled grasps the tops of the com and draws them over onto the sled 
as the knives cut them. A single knife on one side of the sled makes 
it easier for the operator, A different form oi this type of har- 
vester has low tninion wheels to make the draft easier. 

Com binders are much more complicated machines (Fig. 137). 
They cut the com by means of two blades between which the com 
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is forced by traveling chains operated on revolving wheels or 
pulleys in the machine. When cut, the stalks are carried by cb^ns 
to the binder itself where they are tied automatically with binder 
twine. The bundles may be dropped either singly or several in 
one place. The economic use of a self-binder for com harvesting 
depends upon the number of acres of com grown by the farmer. 
The expense of the machine makes the investment more doubtful. 
Joint ownership among neighbors sometimes solves this problem. 
Seed Com. — -The grower should go through the field just 
before the m.iin harvest and select the ears he is to save for seed. 
This should be dried and stored in a place where mice and rats 
cannot molest it. See figures 138, 139 and 140. 
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a dry niBce to dry out thorounhly. 
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CORH JTJDGING. — In the selecting of seed com, attcDtion 
should be given to the points mentioned in the score card. Prac- 
tice in judging by the »m of the score card will greatly lud any 
one in becoming proficient in the selection of seed com at harvest 

Fio. 142 Via. I«3 



time (Figs. 141, 142 and 143). The main points to consider are 
yield, variety, characters, vitality, and market condition. The 
yield should count as much as the other three features combined. 
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Discussion has already been ^ven regarding the improvement of 
com, selecting and storing of seed (Chapters II and III). 

RvUa for Com Jwiging and ExpUmalion of Pointt of Score Card 

Cult. — Where the number of pointa to be cut is not Hpecificd, the scorer 
must use his beet judgment and cut each off ear according to ita degree of 
variance from the standard and the value of the perfect car. 

Oittjualifiaitionji. — A white cob in yellow com or a red cob in white com 
shall disqualify the exhibit. One or more dead ears shall dinoualify the 
exhibit. One or more ears having 12 or more crossed kernels shall diaquaUfy 
the exhibit. 
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1. Uniformiiy (4 Exhibit. 10 PoinU. — All the eaiH in the exhibit should 
be aiinilar in size, shape, color, indentation uze and shape of kernel, and other 
characteristics (tig. 144). 

2. Shape of Ears. 10 Points. — In variety classes the shspe of the ear 
should conform to the variety standard. In general classes the shape of the 
ear should be cylindrical or nearly so; it shouldoe full and strong in the middle 
portion, and the circumference shoidd be approximately three-quartets of the 
length. The rowsof kernels should be straight and not less than 16 or more 
than 22 in number. 

3. LenqtJi o/ Ears. 10 Pointg. — In variety classes the length should 
conform to the variety standard. In general classes the length should he 
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mil icore hicher in ■ tonl«t. (Agrirulture and I jlo.) 

10 to 11 inches in southern sections; 9^ inches in northern sections; 9^ to 
10 inches in middle sections; for deficiencies in length, cut at the rate ol 
one point for each inch. 

4. Color of Grain and Cob. 10 Poiids. — The color of the grain should be 
true to variety, even in shade, and free from mixture. White com should have 
white,and yellow corn, red cobs. For each mixed or crossed kernel on an ear 
a out of two-tenths of a point should be made. Varying shades of color in 
grainor cob should be cut accordingto the degree of variance from the standard 

5. Tips of Ears. 5 Points. — -The form of the tip should be regular and 
not too tapenng. It should 1« well covered with straight rows of regular ker- 
nels, of uniform size and shape. Proportion of tip covered must be considered, 
but irregul&r, shallow or small kernels may he more objectionable tluu) un- 



CORN JUDGING 201 

oorered tips. Cut one-half point for each tip expoeed one inch. For irregu- 
lantics and leaser expoBUits cut from oae-tenth to one-half point according to 
judgotent. 

6. BtittM of Earn. 5 Poinlt. — The rows of keroele should extend in regular 
order over the end of the cob, leavii^ a depresaion when tlie atiank is mnoved. 



t; objectionable. Cut 
7. Kemd. (a) Shape, 10 Poinlt. — In variety clnBaea the ahape of the ker- 
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nel should conform to the variety atsndard (Figs. 145 and 146). In general 
classes the shape of the kernel should confonn to the general standard of 

Erfection for your state. The tips of the kernels should be full and strong 
Lving no apace between them near the cob. Towards the crowns the edges 
of the Kernels should be so shaped as to leave merely enough spaee l)etween the 
rows t^ facilitate drying, Shnmken or pointed tips and Imdiy rounded crowns 
should be heavily cut. 
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(b) Indentation. 6 Points. — ^The crowns of the kernels should be rather 
deeply dented but not pinched or chaffy. The dent should extend evenly 
across the kernel and there should be no sharp or pointed margins. 

(c) Uniformity. 10 Points. — Whatever the cnaracter of the kernel, it 
should be uniform for each ear and throughout the exhibit. 

8. Seed Condition. 15 Points. — ^The ears should be well matured, firm and 
soimd. |The germ should be uninjured, large, bright, fresh and vigorous looking. 

9. Proportion of Grain to Cob. 10 Points. — In variety classes the pro- 
portion iff grain to cob should conform to the variety standard. In general 
classes it should be not leas than 86 per cent. For each per cent below stand- 
ard, cut .the exhibit two points. 

The following score card is suitable for use of students as well 
as com growers (from Indiana Circular 18). 

Com Score Card 
Name 6f Variety Table No 



Name of Scorer 



1. 


Uniformity of 
Exhibit 


10 


2. 


Shape of Ears 


10 


3. 


Length of Ears 


10 


4. 


Color of Grain 
and Cob 


10 


5. 


Tips of Ears 


5 


6. 


Butts of Ears 


5 



7. Kernel — 
a Shape 



10 



b Indentation 



c Uniformity 10 



8. Seed Condition 



15 



9. Proportion of 
Gram to Cob 



10 



Total 



. 100 



Sample No. 



3 



6 



8 9 



10 



Remarks and reasons for cuts to be given below. 
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FIELD AND LABORATORY EXERCISES 

1. Obtain samples of com on the cob, getting all varieties and types ob- 
tainable for your state and for your neighborhood. 

2. Types of Com. — Make type studies of the several varieties of dent com, 
comparing them in number of rows to the cob, depth of kernel, and size of cob. 
Which varieties seem to mature best or earhest? 

3. Scoring Com. — Compare the ears in a sample of ten with respect to 
best com to meet the requirements of the score card. This exercise should 
be repeated with a number of ten-ear samples so that some accuracy and 
speed may be attained in selecting and scoring corn. 

4. Composition of Kernels. — Make cross sections and longitudinal sec- 
tions of two kernels from each ear in com of different types or dMerent varie- 
ties. Compare the kernels as to sizes of germs (Fig. 147), amount of flinty 
matter, and amount of starchy matter in the kernels. What do these dififer- 
ences indicate? 

5. Make similar comparisons between dent com, flint com, sweet com 
and pop com. 

6. Proportion of Com to Cob. — ^With simple weighing apparatus make 
studies of the comparative yields of com as shown in different ears of one var- 
iety or in different varieties. The proportion of com to the cob is obtained 
by weighing the com and cob together, then shelling off the kemels into 
a small paper bag. Weigh the com and the cob separately. The percentage 
of com is expressed in its ratio to the weight of the entire ear. This may 
be expressed in percentage which is obtamed by dividing the weight of 
the kemels alone by the weight of the entire ear. Thus 86 per cent means 
that the kemels weigh 86 per cent as much as the entire ear. The cob in 
that case would wei^ 14 per cent as much as the entire ear, but this latter 
percentage is seldom used. This exercise should be repeated several times 
to obtain skill in estimating the proportion of corn to the ear when 
scales are not available, or when time forbids their use. Students may roughly 
estimate the percentage of kemels by breaking an ear and then verifying the 
estimate by weighing. 

7. Selecting Seed Com. — A group of students may go to a field of com 
and select the ears most suitable for seed. During winter seasons this prac- 
tice may best be done in a com crib. A score card may be used as a guide for 
a little while, and then its points should be carried in mind and the work done 
more rapidly. 

8. Com Machinery. — ^Visit a machine dealer's stock and study all the 
forms of com and grain machinery, including planters, cultivators, harvesters, 
shredders, and buskers. Study the advantages and disadvantages which may 
be found in each machine. 

9. Cost of Machinery. — Compare the cost of machinery with the average 
number of years each machine will last with good care. Take into consid- 
eration the cost of repairs, interest on investment, and the number of 
acres on which the machine is to be used. Determine in each case 
the minimum size of field or farm which will warrant the purchase of that 
t>'pe of machine. 



2(M CORN 

QUESTIONS 

1. Enumerate the classes of com. 

2. How can a grower select the variety of com best suited to his soil and 

climate? 

3. Describe the preparation of soil and planting of com. 

4. Give suggestions and rules regarding the proper tillage of com. 

5. Describe the several methods of harvesting tne com crop. 

6. Give the main points to be observed in the selection of seed com. 
References. — United States Farmers' Bulletins: 81, Com Culture in the 

South; 199, Com Growing: 229. Production of Good Seed Com; 292, The 
Cost of Filling Silos; 303, Com Harvesting Machinenr; 313, Harvesting and 
Storing Com: 317, Increasing the Productiveness of Com; 325, Small l^ums 
in the Com Belt; 400, A More Profitable Corn Planting Method; 414, Com 
Cultivation; 416, Seed Com; 537, How to Grow an Acre of Corn; 646, How 
to Manage a Com Crop in Kentucky and West Virginia; 678, The Handling 
and Feeding of Silage; 617, School Lessons on Com; 729, Com Culture in 
the Southeastern States. 



CHAPTER XV 
SMALL GRAINS 

Our rural Anoestors, with little blest, 
Patient of labor when the end was rest, 
Indulg'd the day that hous'd their annual grain, 
With feasts, and offerings, and a thankful strain. 

— ^PopB — Second Book of Horace. 

The graiti crops are sometimes called cereals from the old 
Roman name. TUs term usually includes com, wheat, oats, rye, 
barley, rice and buckwheat. Flax, when grown for seed, is some- 
times called a grain crop, but is seldom classed as a cereal. Several 
of the plants of this group, — ^wheat, rye, oats, barley, com and 
rice — are members of the grass family. These are tru6 grasses 
in their characteristics. The grain plants have similar culture. 
They are usually sown broadcast or in drills and covered to a depth 
of about one inch, depending on the texture and moisture of the 
soil. The roots are fibrous and the plants usually send up several 
stems, except in the case of flax, which sends up one stem from 
vne seeci. 

WHEAT 

This crop has been grown for grain since prehistoric times. 
It has probably always been the leading small grain crop of the 
world. About four billion bushels of wheat are now annually pro- 
duced in the world. Of this amount America produces about one- 
fifth, and Europe produced more than one-half. The grain is 
chiefly used in the form of flour as human food. The by-products, 
including bran and middlings, are used as stock feed. For the 
making of bread, wheat flour is used the world over. Such bread 
is called "white bread" to distinguish it from bread made from 
darker flours, such as barley, rye, millet and others. The dark 
breads are most extensively used in certain foreign countries. 

New soils are best for wheat. As wheat soils become wom out 
the profit from the crop is much less and other lines of farming 
are undertaken. This causes the wheat area to move on to new 
sections. In more permanent forms of agriculture the crop is 
grown in systematic rotations without serious reduction in 3delds. 
Such fixed rotations for wheat are practiced in the old world and 
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are now more generally practiced in America, The crop ia much 
better adapted to northern latitudes than com, because it grows 
quickly and endures cold. 



'I 
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Eittds of Wheat — IVom the grower's standpoint there are 
two main tj'pea of wheat — winter wheat and spring wheat. 
Commercially wheat is always classified as hard and soft. Ab 
both winter and spring wheat have hard and soft varieties, two 
other commercial classes are added. Subdivisions of these groups 
are sometimes made (Fig. 148). The well known market types 
are: Hard winter wheat, semi-hard winter wheat, soft winter 
wheat, nmcaroni wheat, hard spring wheat, and soft spring wheat. 
The map, ^ure 149 shows the distribution of the different types 
of wheat. Winter varieties are usually grown in southern and 
middle laUtudes while spring wheat is grown in northern latitudes. 
In humid regions wheat is usually soft, the hardness depending 



Flo. 160.— Wlds (tain drill dtiirn by four hcnvy horaoa. It i« well adipted Co the lane 
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upon the dryness of the climate. Ver>' hard spring wheat is grown 
in the cold, dry re^ons of the northwest. Wheats suitable for 
macaroni are the hardest varieties. Durum wheat is the leading 
one of this type. Its recent introduction to America has ex- 
tended the wheat growing areas farther into the semi-arid reipons. 
Durum wheat can be grown with less rainfall than other varieties. 
In the middle latitudes both spring and winter varieties are ((rown, 
but the winter varieties are preferable. The yield is usually high, 
because the crop can make use of the winter rainfall, and harvest 
will take place before the extreme dry weather of midsummer. 
Winter wheat furnishes a cover for the soil for a much longer 
period. Some temporary pasture is furnished to stock, and the 
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work of man and teams is more evenly distributed if winter 
wheat is grown in the farm rotation. 

Growing the Crop.— Wheat preferb heavy soils and then 
suGFers much less from drought than where the soil is light. 
The field should be plowed several weeks before the seed is sown. 



Fio. ISl.— HarreitiDg grain with modern •vK-bindcr. (l. H. Co.) 

This makes the moisture conditions better for germination. If 
conditions require the plowing of the field only a short time before 
planting a heavy roller should be used to bring the plowed soil 
again in close contact with the lower soil. A light harrow should 
always be used immediately after the roller to prevent evapora- 



Fia. 1S2.— A Montum flfld. In dry climBIe" thp Krain lipenH rapidly srul much maybe lonl 
by .helling unkaa the field is quickly cul. [I H. Co.) ^ 

tion. If the plowing is done in the fall for spring wheat the soil 
will become well settled and rolling is usually not necessary. 

The seed should be drilled {Fig. 150) as this method gives 
much better results than broadcast sowing. The depth of cover- 
ing for the seed depends upon the moisture at time of drilling 
and upon the texture of the soil. 
U 
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Wheat ifi almost unlveisally harvested with self-binders (Figs. 
151 and 152). The ancient method was an shown in figure 153. 
The bundles are placed in small shocks properly capped to ex- 
clude the rain, and allowed to pass through a curing process. 



neriy out with a cradle. An eipert ci 
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UHually blown through a fupe to the etack- 



Two common practices are in vogue: (1) The grain may be 
thrashed directly from the shocks without stacldng, TMs saves 
the labor of stacking, but the quality of grain is usually not so 
good. (2) The grain may be placed in stacks and left for one or 
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more months before thrashing. This plan usually produces better 
grain and much better straw. A modem thrasher with windpipe 
for blowing away the straw is shown in figure 154. 

In very diy climates, where no rainfall occurs during the har- 
vest seasons, combined harvesters and ttuasbers are Bomettmes 
used. These large machines are drawn either by traction en^nes 
or by twenty-five to thirty horses. Tbey cut the graio and thrash 
it at one operation. These combination machines are well suited 



to such dry chmates as the eastern parts of Oregon and Washing- 
ton. In such climates the wheat may be stored in the open, as 
Bbowo in figure 155. 

OATS 

The second most important of the small grains, both in the 
old world and in America, is oats. The crop is grown chiefly for 
Btock feed, the whole grain being the most popular grain for horses. 
In the ground form it i& used for other farm animals. For human 
consumption it is extensively used in the form of breakfast food, 
as rolled oats. It is now less commonly ground into oatmeal for 
use in baking. The straw is the most valuable for stock of the 
straws produced by the small grains. 

Oats are grown extensively in the middle and northern lati- 
tudes, the region extending farther north than for com or wheat 
Winter varieties are grown somewhat in the southern states. The 
crop is not well suited to the semi-arid regions, except under ir- 
rigation. 

Growing the Crop. — Oats thrive best on a moderately rich 
beavy loam, but will be more profitable than wheat if the soil is 
poor or light. Fall plowing is usually practiced for heavy soils, 
because the field can be seeded much earlier in the spring. The 
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crop is sown in the fall in the South, and both winter and spring 
varieties are used in some regions. The yield of spring oata largely 
depends upon the earliness of planting. Drilling is usually pre- 
ferred to broadcast sowing. It is not an uncommon practice to 
sow the oat crop without previously plowing the field. After com 
or other cultivated crop the field may be disked and a crop of oats 
grown with fairly good returns (Fig. 156), In livestock farming 
of the northern states and Canada oata are commonly mixed with 
Canada field peas or with barley or with spring vetch. The yields 
of grain are much improved by the mixing (see Figa. 93 and 94 
in Chapter on Rotations). 



This crop ha,s been grown by man since the early Ffe'ptian 
ages. The world's crop at present is about one-third as great as 
the wheat crop. Between six and seven million acres are annually 
devoted to barley growing in the United States. The avi-ny^ 
yield is about twenty-five bushels per acre, Civlifomia and Min- 
nesota each pnxluce about one-fifth of the crop. Barley is much 
grown in Wisconsin, North Dakota and South Dakota. 

The best soil is well-drained loam. Light rich loams are well 
suited for barley growing. Because of its ability to endure the 
so-called alkali conditions of semi-arid regions, it is grown on such 
soil more than other small grains after irrigation is introduced. 
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Types of Barley. — There are three main types of barley, 
based upon the number of rows of grain in the head — six, four, or 
two rows (Kg. 157). The six-row variety is far the most common 
in America. HuUess varieties of barley are sometimes preferred 
to those where the hull persists, but the yield is usually less and for 
this reason the hull bearing varieties are more commonly grown. 
The most common varieties .of barley bear beards or spears in the 
head. After threshing, the beards remain in the straw and sometimes 
cause irritation of the mouths of livestock feeding upon the straw. 
For this reason the beardless varieties are preferable for stock. 

The grain is used for both human food and stock feed, but the 
bulk of the crop is often ased for brewing purposes. The by-prod- 
ucts from brewing are used for stock feed. They include brewers' 
sprouts and grains, the latter being fed either as '* dried grains" 
or **wet grains.'' 

Hops for Brewing. — ^In the brewing process, hops which have 
been cured properly are extensively used. Hop growers make 
a specialty of producing their crop of the right quality and 
curing it in perfect condition to suit the particular brewers to 
whom they sell the product. Hops are grown in special districts 
in all parts of the country. In some sections where the soil is 
favorable, the production is very intense, and many hop growers 
are found. Methods of growing hops are well described in United 
States Farmers' Bulletin 304, '^Growing and Curing of Hops." 

Culture for Barley. — The barley crop is usually seeded in the 
spring a little later than oats. It may be either drilled or broad- 
casted at the rate of seven to eleven pecks per acre. In warm 
climates the crop is started in the fall. This causes the pL'mts to 
stool out much more. 

Care must be exercised to harvest the crop before it is too ripe, 
chiefly to avoid discoloration. When the grain is shocked care 
must be taken to avoid wetting by rain, as this may also result 
in discoloring of the heads. Brewers prefer the clear grain. 

RYE 

Rye is of more recent origin than the other small cereals, and 
was not grown by Roman farmers. 

This crop may be grown throughout the wheat-growing areas 
of America, but the states where it is most grown are Pennsyl- 
vania, Wisconsin, Michigan, Minnesota, New York, Nebraska, 
New Jersey and Illinois. 
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In some countries rye is much used in bread-making, but it is 
less used for human food in America. The bread is dark in color. 
A few breakfast foods contain some rye. The chief use of the grain 
is for the manufacture of alcohol and beverages. It is used in 
combination with other grains for the feeding of hogs, horses and 
other livestock. 

The rye crop is much grown as a winter cover crop, and as 
green manure in all parts of the country. 

The flowers of the rye plant are readily cross-pollinated and 
distinct varieties cannot be kept distinct as with other small grain 
cereals, which are self-pollinated. For this reason improved varie- 
ties are not permanent. 

Culture. — Reasonably fair yields of rye may be produced on 
poorer soils, as compared with wheat or oats, but the crop re- 
sponds well to good treatment and rich soil. The preparation of 
the soil and seeding are the same as for wheat. As a grain crop 
rye is seldom started in the spring, but if spring sowing is tried it 
should be very early, and more seed used because the plants will 
not stool out so much. For fall seeding about five to seven pecks 
of seed are used per acre. If the crop is to be used for grain only 
it can be sown much later than wheat. 

RICE 

This crop stands fifth in the list of the world's greatest agri- 
cultural products. It has long been extensively grown in China, 
India and other parts of the Old World, but its growth in this 
country is quite limited. Lowland rice has been grown for two 
centuries along the coastal regions of South Carolina, and has ex- 
tended from there to North Carolina, Georgia and Florida. After 
the Civil War the growing of lowland rice was much developed in 
the river bottoms of Louisiana. A generation later upland rice 
was introduced from China and Japan and was extensively grown 
in the southwest part of Louisiana and eastern Texas. This sec- 
tion now produces the bulk of the American product, which is es- 
timated at from fifteen to twenty-five million bushels per year. 

Uses of Rice. — The crop is chiefly used for human 'food. 
The husks are removed and the seed is usually polished for the 
American trade, but not for use in the Old World. Unpolished 
rice is better for cooking, if it can be obtained. A by-product of 
rice, called **rice polish" resulting from the polishing process, is 
used for livestock. Rice hulls are sometimes ground with this, but 
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contain little nourishment. The mixture is often sold as rice bran. 

Types. — The rice grown in America is chiefly of two vari- 
eties — Honduras and Japan. The Honduras has much grain and 
tall stiff stalk. The Japanese has short grain with thick hull, and 
stalk not so tall. It mills more hard rice than Honduras^ partly 
because the grains are less broken in hulling and polishing processes. 

Culture. — In the South Carolina district, where lowland rice 
is grown, the seed is drilled in trenches about eighteen or 
twenty inches apart. The trenches or furrows are flooded with 
water till the seed sprouts, after which the water is drawn off until 
the rice plants are several inches high. Water is again kept on 
the field for ten days or two weeks, partly to kill the weeds and 
partly to give the rice crop the desired moisture conditions. The 
field is flooded a third time shortly before the grain is mature. 
To carry out this plan it is necessary to have the flooding and 
drainage conditions under control. Where a water supply is avail- 
able for flooding it may be controlled by means of dams with gates, 
which are opened or closed as desired. 

Where upland rice is grown in Louisiana, Texas and Arkansas 
the soil is prepared as for wheat and the seed is drilled with or- 
dinary grain drills. Some of the upland strains of rice are not 
flooded or irrigated, but where water is available it should be used. 
Upland rice is also grown in drills far enough apart for cultivation 
for the purpose of keeping down the weeds. Sometimes the seed 
is sown with a number in a hill, the distances between hills in the 
row being wide enough to allow the use of a hoe if necessary. 
Where irrigation is possible the weeds may be kept in check by 
this method and less cultivation and hand labor required. The 
yield and quality are both improved by irrigation. 

Harvesting the Crop. — Self-binders are used in the harvest 
of rice on fields from which the water can be readily drained. 
The shocking is carefully done to prevent damage to the heads 
from rains and weather. A slow drying process is desirable. After 
the grain is very hard it is thrashed with an ordinary grain thrash- 
ing machine. A fair yield for irrigated rice is thirty-five to seventy 
bushels per acre. A bushel of rough rice weighs forty-five pounds. 

BUCKWHEAT 

Buckwheat is not a true grass, but belongs to a different bo- 
tanical family. Its value as grain, however, is similar to that of 
the other cereals. It is much used for human food in the form of 
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pancake flour. It is used in the whole or ground form for the feed- 
ing of poultry, hog3 and other livestock. The straw is of little 
value, except for bedding and manure. The crop is often grown 
to be turned under as green manure. The flowers yield much honey 
and are valuable as bee pasture. 

The plant is a native of the Caspian shores of Asia, but has 
been grown in all civilized countries for many years. About fif- 
teen or twenty million bushels of buckwheat are annually produced 
in this country, more than half of this coming from New York 
and Pennsylvania . 

It prefers a deep black soil and a cool moist climate as the 
grain matures. It is usually drilled or broadcasted in early sum- 
mer after the weather is warm. This condition favors the early 
growth of the young plants. The crop will mature seed in less 
time than the small grains, only eight or ten weeks before frost 
being necessary. The plants continue blossoming and producing 
grain until frost time. The crop is then harvested. This is done 
by the use of an old-fashioned reaper or a conmion mower. The 
thrashing may be done at any time after the stems are thoroughly 
dry. The grain is usually ^^acked and allowed to stand in a well 
aired place, as there is danger of its heating if stored in large quanti- 
ties in bins before very cold weather. 

FLAX 

Flax is grown both for seed and for fibre. The plant belongs 
to a distinct family from the true cereals. It bears a light blue or 
purple blossom. Pollinating is chiefly carried on by insects. The 
stems are somewhat branching and many flower heads are produced 
at a height of about twelve to twenty inches. A long tap root is 
formed, this being harvested with the plant for the best yields of 
fibre. 

For the production of seed North Dakota, Minnesota and South 
Dakota are the leading states of this country. Soil rich enough 
to grow good com will also produce good yields of flax. The soil 
is prepared much the same as for early spring wheat, but the seed- 
ing is usually done in May or a little earlier, about two to four 
pecks of seed per acre bein^ used. For the production of the best 
fibre about twice as much seed is used.* This prevents the plants 
from branching so much. The seeding should be done with the 
grain drill, but broadcasting is somewhat common. If the crop 
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is intended for fibre the plants are usually pulled by hand in order 
to secure the lower portion of the stem and upper port of the root. 
They are tied by hand in small bundles and allowed to cure in 
shocks before delivery to the fibre works. The grower may re- 
move the heads before selling the stems. When the crop is grown 
for flaxseed harvesting is done with self-binders and the thrashing 
laay follow after the stems are weU dried. Yields are about ten 
or fifteen bushels per acre. 

The seeds are email, smooth and brown in color. They are of 
II a flattened tens shape. 
I Two important products 
^ are obtained from the 

■ seeds: (a) LJnseed oil, 
' used in painting because 
. of its drying properties. 

(b) Linseed meal used for 
feeding livestock because 
of its richness in protein. 
The structure of the seed 
is shown in figure 158. 
The old process was to 
simply remove the oil by 
heavy pressure. This is 
. appUed by means of hy- 
. draulic presses. Most of 
the oil is thus extracted. 

■ I'he new process is to fol- 
'• low the preceding method 
*' by removing most of the 

,...,.«ck:T^„<^Si.!'i' remainder of the oil by 
it,™ii»: D. proiopium spd oU; dissolving it with ether 

luiu: when Bo»k«l m iraiif (be " 

... ind lorin the ptculisr flaueed orcasohne. TheUCWprO- 

. . , e Feeding.) " , , "^ 

cess leaves a less propor- 
tion of the oil in the linseed meal, and feeders find it neces-sary to 
determine by which process the oil has been extracted from the meal. 
Testa for the two meals are shown in figure 159. Whole flaxseed 
is sometimes used either in the ground or imground condition in 
feeding calves and some other stock. It also constitutes a part 
of some health foods, or breakfast foods. 

See chapter on Minor Fibre Crops for the treatment of Sax 
as a fibre crop. 
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mPLEHBNTS pyjR SMALL GRAIN CHOPS 

Grain drills put the seed in the ground much better than the 
broadcast methods of planting. Less seed is required per acre to 
make a good stand. There are several types of grain drills, dif- 
fering chiefly in their methods of maldag the small trenches or 
furrows in which the grain is drilled. Some do this by means of 
' one or two disks for each furrow. Others open the furrow with a 
"shoe, "and others with a shovel. 
Drills vary also in the distance 
between rows, the common dis- 
tance being four to seven inches. 
The number of drills and the 
width of a machine depend 
upon the choice of the pur- 
chaser. Some grain drills have 
a fertilizer attachment and also 
a box from which grass seed is 
drilled at the same time that 
grain is drilled. 

Grain Harveaters.— The 
small grains and rice are almost 
universally harvested with self- 
bindii^ machines. These ma- 1 

chines cut the grain, bind it in '' 

bundles of convenient size and 
drop the bundles, several in one 
place, ready to be put into 
shocks. The use of self-binders 

in the grain belt is very common. p™^''^i=*„;;,ni,''"'"-p™lL' J'm^i. 
Each grower usually has his „gi^^„^,*nB t"^ul' ^o""*' "i"!*- '" 
own machine as the time of "hiio ihe oBw-piwes. me«.\ »oon «<iicb » u 
harvesting is very limited, but oniy^ab^ut L'irthe^quIfi«ty"i'w.»?^d'B'Ji 
two who own the same machine **""" ''"" ' '^'"''"^'"^ Feeding.) 
may be able to use it at different times if different kinds of grain 
are grown or if there is a variation in the type of soil, so that the 
ripening ia not simultaneous. Some farmers are willing to harvest 
the grain at a much earlier stage than others. Indeed, cutting may 
begin n^' soon as the grain is passed the "dough" stage and just 
begins to harden. For fear of shrinkage at this time, many farm- 
ers delay the cutting even until some of it begins to shatter. 
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Grain Thrashers. — ^A good grain thrasher combs the heads 
and thus loosens the kernels from their cases. The separator then 
sifts the grain from the straw and chaff and carries it to the blower 
where the cleaning is continued. Most modem thrashing machines 
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Fia. 160. — Digestible components in common feeda (in per cent). The nutritive rmtio, 
Riven at the riRht, is the ratio existing between the protein (1) and the carbohydrates and 
fat. (Productive Feeding.) 

blow the chaff and straw out on the stack where it may be either 
baled or used in the loose condition for stock feed and bedding. 
If baled, it is commonly sold for use in cities, or places where grain 
is not grown. 

It is common to find a thrashing machine owned by a man who 
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also has a steam or gasoline engine in the form of a tractor to not 
only run the thrasher, but to pull it from farm to farm. He does 
the thrashing for many in his neighborhood, charging a fixed price 
per bushel for the work. 

Digestible Nutrients and Fertilizing Values of Grain Crops. — 
The table below, shows the digestible feeds and also the fertilizer 
ingredients in com, cereal grains, their by-products, and the 
several forms of roughage obtained from these crops (see also 
Rg. 160). 



Name of feed 



Barley 

Brewers' grains (dried) 
Brewers' grains (wet) 
Malt Sprouts .... 

Buckwheat 

Buckwheat bran 

Buckwheat flour 

Buckwheat hulls 

Buckwheat middlings 

Conii dent 

Ck>m flint 

Com, sweet 

Com ensilage 

Com fodder, green .... 

Cormneal (all) 

Com stalks w^ith ears . 
Com stalks without 

ears 

Com and cob meal . . . 

Com bran 

Com germ oil meal 

Com gluten meal. . 
Com hominy feed 

(com hearts) 

Com dried distillers' 

grain 

Flax seed 

Linseed meal (old 

process) 

Linseed meal (new 

process) 

Oats 

Oat hay 



Dry 

matter 

in 100 

lbs. 




89.2 
91.3 
23.0 
90.5 
86.6 
91.8 
85.4 
86.8 
87.2 
89.4 
88.7 
91.2 
26.4 
20.7 
85.0 
57.8 

59.5 
84.9 
90.6 
91.4 
90.5 

90.4 

92.4 
90.8 

90.2 

91.0 
89.6 
86.0 



Digestible parts in 
100 lbs. 



Fertility in 1.000 lbs. 



8.4 

20.0 
4.9 

20.3 
8.1 
5.9 
5.9 
1.2 

22.7 
7.8 
8.0 
8.8 
1.4 
1.0 
6.7 
2.5 

1.4 

4.4 

6.0 

15.8 

29.7 

6.8 

22.8 
20.6 

30.2 

31.5 

10.7 

4.7 



Carbohy- 
drates 
(+fat 
X2.26) 



68.9 

45.7 
11.3 
49.2 
53.6 
38.5 
65.7 
29:7 
51.2 
76.5 
75.9 
79.5 
15.r 
12.8 
72.2 
37.3 

32.7 
66.5 
63.3 
63.1 
56.2 

77.2 

65.8 
82.4 

47.5 

41.1 

58.7 
40.6 



Nitro- 
gen (N) 



19.2 
40.0 
10.7 
42.1 
17.3 
20.2 
11.0 

7.3 
42.7 
16.5 
16.8 
18.6 

4.3 

2.9 
14.7 

7.2 

6.1 
13.6 
17.9 
34.7 

54.8 

16.8 

49.9 
36.2 

54.2 

60.0 
18.2 
14.2 



PhtMphoric 

acid 

(P«0*) 



7.9 
16.1 
4.2 
17.4 
6.9 
4.2 
6.8 
4.3 
12.3 
7.1 
7.1 
7.1 
1.1 
1.1 
6.3 
5.4 

3.8 
6.7 
10.1 
3.9 
3.3 

9.8 

6.0 
13.9 

16.6 

17.4 

7.8 
6.7 



Potash 
(K,0) 



4.8 
2.0 
0.5 

19.9 
3.0 

12.7 
3.4 

14.7 

11.4 
6.7 
5.7 
5.7 
3.7 
3.9 
4.7 
8.9 

10.9 
4.7 
6.2 
2.1 
0.5 

4.9 

1.7 
10.3 

13.7 

13.4 

4.8 
25.4 
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Digestible NtUrierUa and Fertilizing Values of Grain Crops— ConHntied. 



Name of feed 



Oat hulls 

Oat meal 

Oat middlings 

Oat and pea hay .... 

Oat straw 

Rice 

Rice bran 

Rice hulls 

Rice meal 

Rice polish 

Rye 

Rye bran 

Rye flour 

Rye middlings 

Rye straw 

Wheat 

Wheat bran (winter) 
Wheat — high grade 

flour 

Wheat — red dog flour 
Wheat middlings 

(shorts) 

Wheat straw 

(roughage) 

Wheat screenings 



Dry 

matter 

in 100 

lbs. 



92.6 
92.1 
91.2 
89.5 
90.8 
87.6 
90.3 
91.2 
89.8 
89.2 
91.3 
88.4 
86.9 
88.2 
92.9 
89.5 
88.5 

87.6 
90.1 

88.8 

90.4 

88.4 



Di2<$stible parts in 
100 lbs. 



Fertility in 1,000 lbs. 



Pro- 


Carbohy- 
drates 


Nitro- 


Phosphoric 


tein 


(+fat 
X2.25) 


gen (N) 


(PfO») 


1.3 


39.9 


5.3 


1.6 


11.9 


80.2 


23.5 


• ■ • • 


13.1 


69.3 


25.9 


22.5 


7.6 


44.9 


16.5 


6.1 


1.3 


41.3 


5.8 


3.0 


6.4 


80.1 


11.8 


1.8 


7.6 


54.2 


19.0 


2.9 


0.3 


20.1 


5.1 


1.7 


7.4 


75.1 


19.2 


• ■ • • 


7.9 


70.5 


19.0 


26.7 


9.5 


72.1 


18.1 


8.6 


11.2 


50.9 


23.3 


22.8 


5.6 


73.3 


10.7 


8.2 


11.0 


58.8 


22.9 


12.3 


0.7 


40.5 


5.0 


2.5 


8.8 


70.8 


19.0 


5.5 


12.1 


43.4 


25.1 


26.9 


10.6 


67.4 


19.2 


5.7 


16.2 


64.7 


29.4 


• • • • 


13.0 


55.8 


27.0 


26.3 


0.8 


44.2 


5.0 


2.2 


9.6 


52.5 


20.0 


11.7 



Potash 



4.9 

• ■ * ■ 

15.3 

18.1 

17.7 

0.9 

2.4 

1.4 

• ■ ■ ■ 

7.1 
5.8 

14.0 
6.5 
9.6 
8.6 
8.7 

15.2 

5.4 



15.3 

6.3 
8.4 



FIELD AND LABORATORY EXERCISES 

1. Withstanding the Winter. — In regions where several kinds of winter 
grains are sown in the fall, compare the different varieties or kinds of grain 
with respect to climate-endurance. Which are injured during heaving by 
frost? Which produce the best winter pasturage? What relation exists be- 
tween the date of sowing and the value as pasturage? 

2. Fighting Hessian Fly. — In regions where Hessian fly is sometimes in- 
jurious, compare the damage done on different fields under earlv and late 
sowing of the fall crop. Observe the damage where cletining up of hedge-rows 
and fence-rows is practiced, and where volunteer grain is kept down until 
late planting time. Compare these with other fields where sucn methods are 
not practiced. 

3. Varieties of Barley. — Collect samples of different types of barley, and 
make laboratory studies of these. 

4. Samples of different varieties of wheat and oats should be collected in 
the ripe stage of un thrashed grain, and also get thrashed grain sanaples. Note 
the differences in color of grain, forms of head, proportion of grain tQ wei^t 
{d the grain and straw. 
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5. Variation in Yields. — In a field of growing grain just before harvesting, 
or in grain shocks after harvesting, select the stalks which show the largiest 
proportion of grain. What improvement, if any, oould be made by planting 
gram from such heads instead of the others? 

QUESTIONS 

1. In what ways are the small miins alike in their culture? 

2. Discuss the adaptation of different soils to wheat growing. 

3. What are the chief kinds of wheat grown for market? 

4. Give the details for growing the crop. 

5. Ck)mpare the straw of the four cereal grains as to feed value. 

6. Describe the growing of oats. 

7. Give the different types of barley. 

8. Why are there fewer varieties of rye than of the other cereals? 

9. Compare the growing of rice by the upland and the lowland methods. 
10. Describe the culture of buckwheat. 

References. — ^United States Fanners' Bulletins: 139, Emmer: A Grain for 
Semiarid Re^ons; 304, Growing and Curing Hops; 322, Milo as a Dry-land 
Oop; 395, Sixty Day and Kherson Oats; 399, Irrigation of Grain; 417, Rice 
Culture; 420, Oats: Distribution and Uses; 424, Oats: Growing the Crop; 
427, Barley Culture in the Southern States; 436, Winter Oats for the Soutn; 
443, Barley: Growing the Crop; 448, Better Grain-sor^um Oops; 466, 
Winter Enmier; 518, Wmter Barley: 534, Durum Wheat; 596, The Culture 
of Winter Wheat in Eastern Half of the U. S.; 616, Winter-wheat Varieties 
for the Eastern U. S.; 678, Growing Hard Spring Wheat; 680, Varieties of 
Hard Spring Wheat; 704, Grain Farming in Com Belt, with livestock as side 
Line. 

N. J. Exp. Sta. Circ. 51, Diseases of Grains and Forage Crops. The Cereals 
in America, Hunt, Orange Judd Co., N. Y. Examining and Grading Grains, 
Lyon and Montgomery, Ginn & Co., Boston. The Small Grains, Carleton, 
Macmillan, N. i. Field Crops, Wilson and Warburton, Webb Pub. Co., St. 
Paul. Southern Field Crops, Duggar, Macmillan, N. Y. 



CHAPTER XVI 
POTATOES 

Let me be no assistant for a state, 

But keep a farm, and carters.— Shakespeare. 

Under the term potatoes are usually included two very distinct 
crops, Irish potatoes and sweet potatoes. These are not at all 
similar except that each is the fleshy store of food of a plant. The 
Irish potato is a true imderground stem with '*eyes" or true 
buds. It belongs to the nightshade family which also includes the 
tomato, tobacco, Jimson weed, and other economic plants. The 
sweet potato belongs to the morning-glory family. The part used 
for food is a true root, having no real buds. 

WHITE OR IRISH POTATO 

This crop, commonly known as Irish potatoes, because it is 
grown extensively in Ireland, really originated in America. It is 
native of the valleys of Peru and was introduced from Peru to 
Europe about 1542. It is grown in nearly all countries of the 
world and leads all other agricultural crops of the world in tonnage. 
The leading countries in potato growing are in this order: Ger- 
many, European Russia, Austria-Hungary, France, United 
States and United Kingdom. The average yields per acre in these 
countries range from about two hundred 'bushels in Germany to 
only ninety-two bushels in this country. 

The eight leading states in the production of potatoes are: 
New York, Michigan, Wisconsin, Maine, Pennsylvania, Minne- 
sota, Ohio, and Iowa. Maine leads all others in the number of 
bushels per acre. 

Varieties. — There are a number of distinct types and varieties 
of potatoes. Many of the variety names are synonyms, being 
given by seedsmen to old fonns to attract a new attention to them. 
The different types of potatoes grown under same conditions of 
soil and climate are easily distinguished; but any one type may 
vary so much under different conditions of growth as to appear as 
a diflferent variety in different places. Soil and climate cause 
great variation in the form, texture and growth of the tubers. 

The chief differences among the types or varieties of potatoes 
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are the depth of eyes, the shape of tubers, the color of skin and 
flesh, and period required for maturing the crop. Farmers most 
commonly classify potatoes as early or late. 

Common early varieties in order of earliness are: Early Rose, 
Early Ohio, Triumph and Irish Cobbler. The time for producing 
potatoes with these varieties varies from sixty to one hundred 
days. Early potatoes are usually harvested and marketed as 
soon as they are large enough — not always waiting for them to be 
thoroughly mature. Late potatoes are allowed to remain in the 
ground until they are thoroughly mature. They will keep much 
better and may be stored and sold, or used much later. So-called 
late varieties would include Rural New Yorker, Burbank, Sir 
Walter Raleigh, and Carman No. 3. Green Mountain is a variety 
which will keep fairly well and is usually considered of the late 
type. It will produce a crop in about one hundred days. Other 
late varieties mentioned usually require a little longer. 

The keeping quality of potatoes depends not only upon the 
variety, but also upon the maturity of the crop and season of 
harvesting. Early varieties may be grown late in the season, and 
keep well for winter and spring use. The late grown crop is often 
called the second crop, but it is seldom grown on the same field 
where the first crop was harvested. Two crops of potatoes in one 
season are frequently grown in southern latitudes. 

In the selection of varieties for market purposes a study 
should be made of the market requirements. Potatoes of white 
flesh and white skin usually bring a better price than the red 
varieties. The tubers should be smooth — not rough; the eye 
should be shallow — ^not deep; the tubers should be round and 
somewhat flat, rather than long or irregular. In size they should 
not be too large nor too small. Those of medium size are always 
preferred. 

Soils and Fertilizers. — Rich sandy loams produce a better 
quality of potatoes than heavier soils. Early potatoes are not 
quickly produced on heavy soils, but late varieties may be grown 
on clay loams if there be plenty of organic matter present. Po- 
tato soils can usually be much improved by the use of green manure. 
The heavier soils are also much benefited by drainage. The use 
of barnyard manure will help to increase the amount of humus 
present, but it should be applied on the field for the preceding crop 
in the rotation, as fresh manure upon potato soils increases the 
development of the disease kno^vn as potato scab. For early 
15 
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potatoes an annual rotation is possible. As soon as the early crop 
is harvested a winter cover crop is started. This is turned under 
as green manure before planting the next crop of potatoes in the 
spring. For late potatoes, which may occupy the ground until 
nearly freezing time, a longer rotation is necessary. 

The growth of potatoes without commercial fertilizers is very 
successfully carried on if an annual crop of green manure is plowed 
under and barnyard manure is liberally used. When these con- 
ditions are not secured conmiercial fertilizer may be profitably 
used. This is practically true for the growth of early potatoes. 
For such a crop on a good sandy loam, growers often use as much 
as 800 to 1200 pounds per acre of the following mixture: Nitrate 
of soda, 100 pounds; sulfate of ammonia, 100; bone tankage, 100; 
acid phosphate, 500; and sulfate or muriate of potash, 200. This 
mixture lias a formula of about 4:8:10. If green manure and some 
barnyard manure are used the chief fertilizer to be purchased 
would be acid phosphate, or rock phosphate. 

The use of lime on potato soils is not to be recommended. If 
it be applied the year that the potato crop is grown it is likely to 
cause a development of the scab disease. 

Preparation of Soil. — Potatoes prefer a loose, opkiu soil, and 
to secure this it is common to plow the field in the spring not 
long before time for planting. The plowing should be as deep 
as possible without turning up too much of the poor subsoil. 
Deep tillage disk plows prepare the soil well by thoroughly mix- 
ing all parts together. Deep plowing is always better suited to 
rich soils. If an ordinary turning plow is used the ground should 
be disked before planting. This treatment is also beneficial when 
the field has been plowed the preceding fall. After this a smooth- 
ing harrow may be used. 

Seed Potatoes. — Much attention should be given by potato 
growers to the matter of good tubers for seed. In Chapter 
III the hill-row method of improving the yield is described. 
Southern growers often buy seed potatoes from northern states. 
This is because the southern-grown seed has a tendency to * *run 
out," and the yield is often less than with northern-grown 
potatoes. Many carloads of seed are shipped to the South from 
Minnesota, Wisconsin, Michigan, Maine and New York. Another 
cause for using northern-grown seed is the inability to store seed 
potatoes from one season until the next. Storage companies take 
advantage of this and are able to buy southern-grown potatoes. 
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store them and sell them to growers for seed the next spring at 
greatly sdvanced prices. 

It is the most common practice to cut seed potatoes into small 
pieces, each bearing one or two eyes, but experiments have been 
tried with larger pieces, and have proved the plan to be more 
successful. See Figure 161 for method of sprouting tubers in light. 
Id all refpoos where potato scab disease is serious the seed potatoes 
should be treated with formalin solution, either before or after 
cutting. Use one pound of full strength formalin liquid to 32 
gallons of water and soak the seed for two hours. 
' The tendency of seed potatoes to sprout as spring approaches 

r -; 

I 



Via. IBl.— Campirinc tuben apraulvd ia Mronc llaht •Dd Id dmrkncai. Both tuban 
■troDC lichU Ihs ow an ngbt in dirk chaniber.^ Noujong, wa^ ipRiula, Kod ehruDkoi 
to ft lusB do^H. (Productive F»nn Crops.} 

may result in weakenit^ the seed if the sproute are long enough 
to be broken off. If the potatoes are kept in a cold place this may 
be prevented. This tendency to sprout is sometimes made use of 
by growers. After the potatoes are cut and treated they are 
placed on the floor of a light room where short, strong, green buds, 
or leaf clusters, will develop in a few days. This produces a more 
vigorous growth as soon as the potatoes are planted. 

Planting. — The usual method of planting potatoes is in tows 
thirty to forty-two inches apart, and the seed pieces are drilled 
about twelve to eighteen inches apart, in the rows. 
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Machine planters are of several types (Fig. 162). These 
differ chiefly in their method of distributing the pieces of seed. 
A good machine will open the furrow, distribute the seed i»eces as 
desired, spread some fertihzer in such a way as to not bring it 
in contact with the seed, and will cover the row to any depth 
desired. Such a machine is drawn by one team and can be operated 
by one man, but in some types of planters he ie assisted by an 
active boy who helps in the even distribution of the pieces of 
seed. 

The depth of covering varies considerably, due to custom, 
kind of soil and method of cultivation. Potatoes will sprout 
readily in light soil when covered 
to a depth of four or five inches. 
If the soil is heavy and the sea- 
son is wet they should be cov- 
, ered much less. 
I When machine planters are 
not used the rows are usually 
opened by the use of a plow and 
the seed is dropped by hand. 
The covering may be done either 
by harrow, drag, plow, or by the 
use of hoes. 

Cultivating the Crop,— There 
are two chief methods of cul- 
tivating potatoes: Level culture 
and the ridrang method. 

rm. 102. — Ibn tyoe ol planter nauire* r i i.. - t. . ■.. j 

two men to operate it— one drive* tbe team Level CUtture IS best SUlted 

3™pX°di"k''i^"^«S^*"'mK'™*°S].lV,^ to light soils and to dry seasons. 
(Batamui Mfg. Co.) ip either method the harrow 

may be used over the field after planting is done, and may be 
continued during the sprouting and early growth of the plants 
until the vines begin to spread or lie down. The cultivator is 
then used between the rows. Frequent cultivation to prevent the 
crusting of the ground is more important with this crop than with 
com or cotton, because the crop cannot develop unless the ground 
be kept mellow and the supply of moisture is saved. If the ground 
is heavy and has become packed, some very deep cultivating is 
usually practiced to advantage before the roots have reached far 
into the middles. After that shallow tillage is necessary. 

Ridging is most common for early potatoes, but is sometimes 
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practiced oq the late crop. It is well suited to wet seasons, as 
much loose soil is thrown up to the row in which the tubers may 
develop without growing into the deep soil when there is too 
much water. Rid^g is done by use of cultivators so adjusted 
as to throw the soil toward the row a little at each cultivation. 
Eictreme ridging is not commonly practiced in most sections. 
Where conditions are favorable level culture usually brings larger 
yields, 

brigatioQ is practiced with profit in the growing of potatoes. 
The crop requires much water. In dry seasons potatoes suffer 
for lack of enough soil moisture and the yield is greatly reduced. 
Where irrigation is practiced, 
even in humid climates, the 
potato yield may be enor- 
m o u si y increased. Two 
methods are well suited to 
this crop: (1) Furrows are ! 
run between the rows and \ 
the water from the bead ditch ; 
or head furrow is let into the I 
row furrows until the ground 
is saturated. (2) The over- 
bead pipe system is used to i 
a considerable extent. I 

Spraying. — In all parts of | 
the country where potatoes 
are grown commercially, i 
spraying is necessary to con- ' 

trol the potato beetles. The iDt]ymubine7[in*n^'h^V^'^''(*^"£^ 
beetles feed upon the plants •"«• "^"""" "'* *^" ' 
and are readily killed by such poisons as Paris green, arsenate of 
lead and arsenite of soda. Arsenite of zinc is also used. Paris 
green is used in either the form of a spray or as a dust. In the 
latter form it is diluted by being mixed with ashes or lime and the 
mixture is dusted upon the plants when they are wet with dew. 
A spray mixture is prepared by mixing from eight ounces to one 
pound in fifty gallons of water. Strong solutions are usually 
injurious to the plants. The addition of one-half p<jund or one 
pound of Ume to this mixture will help to hold the poison on the 
plants, will help mark the area sprayed, and will help to prevent 
injury to the plants l^ the arsenic. 
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Arsenate of lead is commonly put up in paste form so that it 
will more readily mix with water. Two or three pounds of this 
poison may be mixed with fifty gallons of water for spraying 
potatoes. 



Fta. IB4. — PoUito hsrvsn wb«Te large snw an iraira for mBrlrot. The nwcUn* 
divger leave* the luben in rom on the lop of Iha soil. They ue Iheo picked in boHs « 
twrrelg to bo hauled to market or storage. (U. S. D. A.) 

Id regions where late potato blif;ht is likely to be injurious to 
tiie crop the dam^e may be prevented by the use of either Bor- 
deaux mixture of lime-sulfur with either of these poisons. For 



this purpose the amount of water mentioned above may be re- 
placed with the same amount of Bordeaux mixture or lime-eulfur 
mixture. The formula for Bordeaux mixture to be used on pota- 
toes is five pounds of copper sulfate and five to six pounds of freshly 
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burned lime to fifty gallons of water. (See chapter on Control of 
Insects and Diseases.) 

Fighting potato beetles must begin early. As soon as the old 
beetles appear they may be destroyed before the eggs are deposited. 
As soon as the eggs hatch the young begin feeding and poison 
must be kept upon the plants until the crop is produced, or until 
the insects are destroyed. The frequency of spraying depends 
upon whether the poison is washed off or not, but after the vines 
produce much new growth this must be covered with the poison. 

Harvesting. — On large commercial plantations potatoes are 
dug with machines. There are several types of diggers. The 
best machines lift the potatoes and soil over a carrier, which travels 
above the axle of the machine and leaves the tubers in a row 
behind (Figs. 163 and 164). The soil is separated from the potatoes 
as they move backward. These machines are very successful and 
save much hand labor. Small areas of potatoes are commonly 
harvested by the use of hand diggers. An inexpensive plow-digger 
is shown in figure 165. 

Scoring Potatoes. — Judging potatoes is a good exercise for 
students. Nothing else will call such close attention to the char- 
acters of the different varieties as this. The score card used by 
the growers near Greeley, Colorado, is as follows: 

Siae 20 

Too large, cut 2 

Too small, cut 12 

Not even, cut 6 
Appearance 60 

Not bright, cut 10 

Dirty, cut 10 

Scabby or wormy, cut 40 

Shape 10 

Quality 10 

Unsoimd, cut 5 

Brittle or spongy, cut 5 

Total 100 

SWEET POTATOES 

As a market crop sweet potato growing is rapidly gaining 
in importance in this countiy. It is a crop well suited to warm 
climates and commercial fields are found throughout the southern 
states. For home use it is also grown to more limited extent in 
all northern states. 
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Varieties. — The so-called "yam" of the South has sweeter 
and softer flesh than the "Jersey sweets." The true yam b a trop- 
ical plant quite different from the sweet potato of tiaa country. 

Common varieties of the soft, sweet type are Dooley, Southern 
Queen and Georgia. Popular varieties of the firm Jersey type 
are Nansemon, Big Stem and Red Jersey. Markets favor certain 
varieties and the kind grown should be suited to the particular 
market for which the crop is grown. 

Soils and Fertilizers. — Light sandy soils are well suited 
to the sweet potato. If the soil is very loose and open, and 
the subsoil b heavy so the moisture will be ret^ned, the condi- 
tions will favor a good crop. Too much organic matter in the soil 
tends to develop the vines at the expense of the roots. For this 



Fia. 160. — BeddlBg iwKt poUtoei under auh In cftriy apHiiR lo pndufe the plsou loi 
KtliDC ID opcD tielda much later. (Nev Setaey Slation.) 

reason the use of green manure and barnyard manure on sweet 
potato fields should be very limited unless the soil is very deficient 
in humus. Crimaon Clover is often grown in rotation with and 
used as green manure for sweet potatoes. 

It is well to use commercial fertilizers in growing sweet pota- 
toes. From five hundred to eight hundred pounds per acre of the 
following mixture is recommended: Tankage, 300 pounds, dried 
blood, 100 pounds, acid phosphate, 400 pounds, and muriate of pot- 
ash, 200 pounds. This should liave a formula of about 2J-^: 9:10. 

Preparation of Soil. — Sweet potato fields should be plowed long 
enoi^h before planting to allow the soil to settle. After plowing 
it may be harrowed several times to help sprout the weed seed, 
warm the soil and thoroughly aerate it. If the soil is well drained 
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level culture may be practiced, if the soil is in good tilth. The 
ridge method of culture is suitable to land having a very heavy 
subsoil, or otherwise aot well drained; it is more expensive than 
level culture. Jn the level method of planting the rows are two 
to two and one-half feet apart, and thii plants about the same dis- 
tance apart in the rows, and they may be set in rows both wa3ra 
to allow of cultivation in both directions while the plants are 
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small. If the ridge method is to be used two or more furrows are 
thrown together with a turning plow, forming ridges about four 
feet apart. After the ridges settle the plants may lie set. If only 
slight ridges are desired the work of the plow is followed by the 
harrow before the plants are set. The harrow will reduce the height 
of the ridges. Slight ridging or level culture is best for dry sea- 
sons. When the plants are set in the ridges a distance of about 
eighteen inches is left between plants in each row. 
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Propagatiiig the Plants.^The plants are started by sprouting 
the potatoes in beds or by cuttings from the vines. Bedding 
the potatoes is shown in figure 166, The seed potatoes are 
seldom planted in the field, as in the case of Irish potatoes. 
Hot-beds for starting the plants for small fields are heated with 
fresh horse manure. About twelve inches of manure should be 
well tramped down. The fermenting manure is covered with a 
few inches of fresh sandy loam; then the roots are placed as shown 
in the figure. The roots are then covered with about three inches 
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of fresh sand, or loose loam. The temperature is carefully watched 
and when it reaches about 80 degrees P., it is kept at 80 to 85 
until a short time before pulling out the plants; then it is lowered 
to about 60 degrees. 

E^ch potato sends up many shoots, as shown in figure 44. 
The first plants^ when six or eight inches high, may be pulled out 
and others will continue to grow and refill the bed (Figs. 167 and 
168). A bushel of good roots will furnish about two thousand 
plants of the first growth, but several times this many may be 
taken from the bed later if desired (Fig. 169). 
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When very large fields are to be set the plants are often startled 
m extensive beds heated with fuel. A long trench is dug in the 
ground about three feet deep. At one end a fire-place is con- 
structed and a smoke pipe leads from this the entire length of the 
trench, where it rises like a chimney. The beds are constructed 
above this in such a way as to receive all the heat from the fire- 
place and pipe. Loose boards may serve as the floor for the beds, 
and heat will thus be supplied from below. 

As the young plants are pulled from the beds they are bunched 
and sometimes puddled by dipping the roots in thin mud. This 
prevents much loss and causes the plants to start more promptly 
when set in the fields. 

Setting the Plants. — ^When enough plants are ready to 
begin setting and when the weather conditions are favorable 
for starting a quick growth of the plants, the field is marked with 
special markers. In the ridge method, the place for each plant 
on the ridge may be marked by the use of a light roller, on the 
surface of which are fastened strips at a distance of about eighteen 
inches. As the roller tuma on the surface of the soil the strips 
will mark lines across two ridges at a time. The horse drawing 
this light marker walks between two ridges. More commonly the 
plants are set on the ridges without such marks. In the level 
method of planting, the rows may be marked by using a drag or 
rake marker having either prongs or runners at suitable distances 
to mark the rows. Such a marker may be used to lay ofif the field 
in squares, if the plants are to be in rows both ways. 

Planting is done either by hand or by machine transplanters. 
The latter are used for large plantations and do satisfactory work. 
The machine is drawn by one team and may be operated by a 
driver and one or two men or bojrs to place the plants in the set- 
ting .pockets. These machines will mark the rows, open the soil, 
set the plants and water them. No marking of the field is required 
when machine planters are to be used. 

Setting by hand is much slower and a far more expensive pro- 
cess. Boys are often used to distribute the plants along the rows 
so that the men setting the plants in the soil carry only their hand 
dibbers or other tools. 

Cultivation. — ^The cultivation does not need to be deep, if 
the soil is light and well suited to sweet potatoes. Frequent 
shallow cultivating is the general rule. If a strip of land was left 
between the ridgea in the preparation of the field this is broken by 
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a sweep or middle-buster, similar to that used in cotton fields. 
Small-tooth cultivators are used on the sides of the ridges very 
near the plants until the vines run and nearly cover the ridges. 
When the plants are in rows only one way, in the ridge method, 
it is necessary to use hand hoes to keep the field free from weeds. 
The great expense of this method has caused some large growers 
to abandon the ridge method so that horse tools can largely 
displace the hand hoeing. When cultivation must be stopped 
because of the growth of the vines, the field is '*laid by.'' In this 
process considerable soil is moved from the middles toward the 
rows, whether they have been in ridges or not. This will destroy 
many of the small weeds at that time and the growth of the plants 
will aid in keeping down future growth of weeds. 

Digging. — ^The crop must be harvested before severe frost, 
as the killing of .the vines by freezing may also injure the potatoes. 
Some delay may be allowed by cutting the vines and digging the 
roots later. If the vines are not first removed before the roots 
are plowed out two rolling coulters on the beam of the plow are 
used to cut the vines. A turning plow covers the vines and leaves 
the potatoes somewhat on top of the soil. In the plowing, pick- 
ing and handling of sweet potatoes much care must be exercised 
to avoid bruising, as this will greatly injure their keeping qualities. 
The potatoes are usually graded at sorting sheds or store houses, 
rather than in the field as they are picked up. 

Storage of Sweet Potatoes. — Early sweet potatoes are pro- 
duced in southern fields for northern markets. They are 
usually sold as soon as harvested. If they are to be kept some 
time careful storage is necessary. Well ventilated buildings or 
pits supplied with heat are planned for this purpose. The roots 
should pass through a curing process, known as * 'sweating," at a 
temperature of perhaps 85 or 90 degrees F. A few weeks later 
after the curing process is completed the temperature is gradually 
lowered to about 60 degrees, or a little less. If the ventilation is 
good the potatoes may be held at this temperature for several 
months. 

Diseases. — ^Black-rot is the worst disease of the sweet potato 
plant. It is first noticed in the shriveled condition of the terminal 
buds of the plants. It may also be seen as small black spots on 
the roots. After the potatoes are formed the disease appears on 
their surface in brown patches, becoming darker at the centre of 
each patch. The disease may first be noticed at- digging time, or 
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perhaps not until spring when roots are being selected for bedding 
purposes. 

Stem-rot is often a serious disease of the plants. This causes 
the plants to die, beginning near the surface of the ground. As 
the disease works itself along the stems it may cause the death of 
the plant and also a rotting of the potatoes. The disease is very 
injurious and much damage is caused in any field where it becomes 
well established. 

The best remedy for both of these diseases is rotation of crops. 
When a disease has been found to exist in the soil sweet potatoes 
should not be grown again until several other crops have intervened. 

FIELD Ain> LABORATORY EXERCISES 

1. Potato. Growing CompetitioD. — ^A good home project is to g^w potatoes 
by the hill-row method as described in chapter IV. A competition may be 
started to see who can obtain the largest yield by this method or who can 
make the greatest increase in yield per hill. 

2. Preventing Potato Scab. — Before planting tim^, methods of tusjating 
the seed for scab should be practiced, using potatoes which are evidently af- 
fected with the disease. Let some be planted without the treatment and some 
with. Then compare the yields on these plots as to freedom from scab. 

3. Prepare seed potatoes in three different ways for planting: (a) Cut 
each piece to have only two eyes, (b) Cut each piece to have four eves, or 
this plot may have whole potatoes if small, (c) Use whole potatoes of about 
four ounces each. Plant each lot of potatoes separately, and at the end of the 
season calculate the differences in yield, and compare the yields with the weight 
of potatoes used for seed in each case. 

4. Compare the different methods of planting as used in your region. 
Which methods are best suited for gardens? Which for large fields? 

5. The depth of planting should be tested by starting the crop at different 
depths, as two inches, four inches and six inches. What advantages do you 
find of one method over another? 

6. Methods of Tillage. — ^In a field or garden where the conditions are 
uniform, cultivateja few rows by very deep tillage, and the remainder by fre- 
quent shallow tillage. Compare the results and give your conclusions. 

7. Irrigation for Potatoes. — Plot experiments may be conducted to show 
the benefits of irrigation. Does the potato crop need a laree supply of water? 

8. Methods of spraying as practiced by growers should be studied if pos- 
sible during the spraying season. What size of machine would you choose 
for a five-acre field? Wluit size for a small home garden? 

9. Different varieties of sweet -potatoes and of Irish potatoes should be 
collected and studied in the laboratory. The advantages claimed by growers 
for each variety may be considered in this conn^ection. 

10. Fertilizer Tests.— Orow both sweet potatoes and Irish potatoes in 
plots, using different fertilizers in each case. The value of different fertilizers 
for esrph kind of potatoes may thus be learned. 

Ill Starting Sweet Potato Plants. — Make a bed for starting sweet potato 
plants. Care for it by the best methods until the plants are grown, pulled and 
set in the field. Stumr among growers the different methods of settm^ plants, 
and the different methods of preparing the ground for the plants. Give argu- 
ments for the different degrees ol enriching and explain the suitability of these 
different degrees to different soils. 
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12. Storing Sweet Potatoes. — ^If sweet potatoes are stored by dealers or 
growers, study the different methods in use and formulate, if poesible, any 
Hxed rule or method practiced by different ones. 

QUESTIONS 

1. In what ways do the varieties of Irish potatoes differ from each other? 

2. -Describe the soils best suited to the Irisn potato, and tell what fertilizers 

are usually needed. 

3. Give directions regarding the preparation of soil and preparation of seed 

for planting. 

4. What are the conmion practices regarding methods of planting Irish pota- 

toes in your section? 

5. What kind of machines and what methods of cultivation are most prac- 

ticed in the potato growing districts nearest you? 

6. What are the two chief enemies which require the spraying of Irish pota- 

toes and what materials are used for them? 

7. Give methods of harvesting Irish potatoes. 

8. Mention some different types and varieties of sweet potatoes and compare 

them in qualities. 

10. What kinds of soil are best suited to the growing of sweet potatoes? 

11. Describe the special preparation of soil for sweet potatoes. How are the 
plants propagated? 

12. Describe tne setting of the field. 

13. What is the common practice regarding cultivation of sweet potatoes 

where you have seen it? 

14. When and how is the crop harvested? 

15. Give directions regarding the storage of sweet potatoes. 

16. What is said regarding control of bmck rot and stem rot? 

References. — ^United States Farmers' Bulletins: 295, Potatoes and Other 
Root Crops as Food; 324, Sweet Potatoes; 342, Potato Breeding; 365, Farm 
Management in Northern Potato-Growing Sections; 386, Potato Culture on 
Irrigated Farms of the West; 407, The Potato as a Truck Crop; 533, Good 
Seed Potatoes and How to Produce Them: 544, Potato-tuber Diseases; 557, 
The Potato Tuber Moth ; 698, Storing ana Marketing Sweet Potatoes. 

Cornell Bulletin: 350, Potato Scab and Sulphur Disinfection. R. I. Exp. 
Sta., Bui. iii, Potatoes, Wash. Bui. 94, Potatoes, Test of Varieties. 



CHAPTER XVII 

SUGAR BEETS AND OTHER ROOT CROPS 

The growth of sugar beets on a commercial scale in the northern 
states is of recent origin. The crop is grown chiefly in northern 
or cool latitudes. The leading states in the growth of this crop 
are Colorado, CaUfomia, Michigan, Utah, Idaho and Wisconsin. 
More than a billion pounds of sugar are annually produced from 
beets in the United States. The area devoted to sugar beets is 
unlimited and will probably continue to increase. 

Relationships. — ^The sugar beet belongs to the same species 
as garden beets and mangel-wurzels. It is really an improved 
form of the latter. Much improvement was made in beets 
containing sugar about the year 1800 when the sugar supply from 
warm climates was cut off from Europe. During the Napoleonic 
wars further improvements were made by careful selection and 
the percentage of sugar was increased from about five per cent 
to fifteen per cent. The true sugar beet is white, while mangel- 
wurzels vary greatly in color. The latter grows with the fleshy 
root far out of the ground, while the sugar beet grows chiefly under- 
ground, the part extending above ground being very poor for 
sugar making. This makes sugar beets more difficult to harvest. 
Mangels are usually two or three times as heavy as sugar beet 
roots. The latter should weigh about one or one and one-half 
pounds. Mangels may contain five or six per cent of sugar, but 
the true sugar beet will average about fifteen to eighteen per cent 
sugar. Becords of fields averaging twenty per cent in sugar 
content are not uncommon. Beet sugar factories usually buy 
the beets from the grower according to the tonnage, and sugar 
analysis. Samples of the crop are analyzed for sugar before 
payment is made. Yields containing a high percentage of sugar 
are, therefore, most profitable. 

Soils and Fertilizers. — The best soil for beets grown imder 
irrigation is sandy loam, but in humid climates, where the crop 
is grown without irrigation, medium or heavy clay loams are 
better, because of their moisture-holding capacity. If the crop 
is grown on soils containing too much organic matter a surplus 
growth of leaves is produced at the expense of the roots. Com- 
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menial fertilizer are used, particularly where barnyard maDure 

is not available. The fertilizer should be composed cbie&y of 

pboephate — 200 to 300 pouads per acre of acid pboepjoate tnay be 

used. If suitable manure is applied no nitrate is required, but 

fifty to seventy-five pounds of 

nitrate of soda per acre will aid 

; the young plaots in making a 

vigorous growth early in the 

The soil should be very thor- 
oughly prepared by deep tillage 
the preceding fall. Early in the 
spring it should be deeply tilled 
with a disk harrow or maybe 
cross -plowed. The seed bed 
should be made very fine before 
planting time. 

Planting. — The seed ia usually 
drilled thickly in rows about 
eighteen to twenty-four inches 
apart. As the seed of the 
beet is low in germination, the 
seed is drilled much thicker 
than the plants are to stand. 
The so-called seeds are really 
seed eases, each containing sev- 
eral seeds. These reasons fully 
explain why thinning of beet 
fieldaisnecesaary. The drilling 
of seed is done both by hand 
machines and boi^e drills. The 
rows are marked and the seed 
drilled and covered at one opera- 
tion. Thedepthof coverit^ the 
Fio 170— The long (otm oi euoar b«t secd varics from one-half inch 
LI^iiioHn'th'mVrkBhowirintb^fiiure. ThI in Very moist soil to one and 
BBrt above iH ird to .lopk, (U 3, D. A ) oQg.haif jnchesln dry Boil. When 
fields are to be irrigated it 13 a common practice to drill two rows 
about ten inches apart and then leave from twonty-seven to thirty 
inches before drilling the next double row. This allows room for 
irrigating furrows with wide fuslea. 
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Thinning Toung Plants.— This is considered one of the 
most difficult parts of beet growing. Thinning should begin 
when the plants first form their second pair of leaves. Eight-inch 
hoes are used to remove most of the surplus plants. This work 
should leave the plants standing in bunches eight to twelve inches 
apart in the row. This first step in thinning is sometimes called 
bunching. The bimcbes are then thinned by hand, leaving only 
one strong plant in a place. By the work of thinning the individual 
beets grow lai^ and the yield is heavier (fig. 170). 

Cultivation. — If the seed should not start promptly after 
planting the barrow should be used several times to keep the weeds 
under control until the plants are started. One cultivation may 
take place before thinning an^ another should follow immcdi- 
ately after thinning. If at this time the field ia free from weeds 



probably no hoeing will be necessary. Several cultivations should 
follow to keep (he soil surface in good condition, to stimulate the 
growth and conserve the moisture. Alter the tope shade the ground 
cultivation should cease. 

Harvesting. — The beets are lifted from the ground by 
means of special beet lifters drawn t^ one or two horses. Some- 
times a plow ia used with a side prong at the back of the mold 
board, which aids in holding the beets up out of the soil after the 
mold board has Ufted them. 

The roots are then picked up by hand (Fig. 171), thrown into 
the piles, with one row of piles for each ten or twelve rows of beets. 
The next step is to remove the tops. Thiy i^ usually done by hand 
with large knives, resembling large butcher knives, or .small com 
knives. As the tops are cut off the roots are thrown together — ^four 
small piles forming one large one. 
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Harvesting takes place late in the fall before the ground freezes. 
The topping may be done immediately, and if the crop is not 
marketed before the roots freeze they should be covered to avoid 
thawing. Freezing is not injurious if they are kept frozen until 
the sugar is extracted. 

Yields of sugar beets vary from ten or fifteen tons per acre 
without irrigation, to about fifteen to twenty tons where condi- 
tions for irrigations are favorable. 

By-Producta — ^In topping the beets the slice above ground 
is cut at a single stroke. This furnishes a large amount of feed 
suitable for dairy cows and other livestock. It is usually fed in 
early winter while fresh. Sugar beet factories supply the beet 
pulp to farmers, after the sugar is extracted. This has been ground 
fine and may be fed to stock either wet or dry. It is now commonly 
known in the dairy sections as dried beet pulp and is usually soaked 
with water before feeding. ' 



OTHER ROOT CROPS 

There are a number of plants usually treated under the head 
of root crops because in several of them the stored food is found 
in the underground parts, or so-called roots. Because of the rela- 
tionship to the root crops, several plants are here included, such 
as rape, kale, cabbage and kohlrabi. Several of the members of 
the group have the stored matter in the head above ground, as 
in the case of cabbage and kohlrabi. 

The following table gives the yields, food value, and seed per 
acre for a number of crops treated under this head: 

Comparison of Root Crops and Potatoes — Seed Required , Yield, Dry M oiler y etc 



Kind 


Seed per acre 

8-15 bu. 
3-8 bu. for 
10,000 plants. 
12-16 lbs. 
6^ lbs. 
4-5 lbs. 
2-3 lbs. 
4-6 lbs. 
5-6 lbs. 
2-4 lbs. 
K-1 lb. 


Average yield 
per acre 

90-300 bu. 
10-300 bu. 

10-15 tons 
20^0 tons 
19-20 tons 
5-15 tons 
10-20 tons 
10-20 tons 
12-20 tons 
10-20 tons 


Per cent of dr>' 
matter in crop 


Irish Potatoes 


20 


Sweet Potatoes 


30 


) 

Suear Beets 


13-18 


Maneel-wurzels 


9-12 


RutabaiEas 


11 


Common TumiDS 


10 


Carrots 


12 


Parsnips 


17 


Kohlrabi 


9 


Cabbase 


9 
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Mangel- Wunels. — Con^jarison with Sugar Beet This crop 
is not rich in si^ar as compared with the sugar beet. It is 
grown in much the same way and throughout the same regions. 
The yields per acre are about double those of the sugar beet, and 
the mangel is therefore grown in preference to the sugar beet where 
the purpose is stock feeding. 

The mangel-wurzel resembles the sugar beet in character of 
leaf and general habit of growth (Fig. 172). but the individual 
rootfi are usually much larger. A lai^ proportion of the mai^el 
grows above ground. 

The soil requirements are much the same as for the sugar beet. 
If any difference is made in the fertilizer for these two crops, a 
little more potash should be used for the mangels. 



Fia. 17a. — Hilf aufar muiccli. ncomineDfled m Ihs must doilmblB lor nook feedins. 

Planting, Thinning and Cultivating. — The seeds are in clusters, 
as in the case of other kinds of beets, so that several plants are 
likely to come from each so-called seed. The seed is drilled in 
rows far enough apart to allow for the cultivation with horse cul- 
tivators. There should be from twenty to twenty-four inches 
between rows. 

When the plants are forming their second pair of leaves, thin- 
ning should begin. A hoe eight inches in width is best for this 
operation. Cut all the beets in the row except small bunches left 
eight to ten inches apart. After the whole field has thus been 
"bunched," the next operation is to use the fingers and pull all 
the plants except the strongest one in each bunch. This process 
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is slow and tedious and greatly increases the cost of production 
of this crop. 

After the thinning is completed, cultivation should follow im- 
mediately. Perhaps one cultivation will be necessary before this. 
Rather deep tillage is practiced at* first, but it should be done with 
fine-tooth cultivators and not with large shovels, as it is not ad- 
visable to throw much of the soil toward the rows at this time, if 
at all. The cultivation should be frequent and should be con- 
tinued until the tops completely fill the space between the rows. 
In moderately clean soil, no hand weeding or hoeing should be 
necessary at the time of thinning. 

Harvest and Yields. — Harvesting may be done by plowing the 
roots up with a common turning plow and then they are picked 
up by hand and thrown into piles. This shakes off most of the 
soil. A row of piles for every ten to twelve rows of mangels is 
usual. They may lie in the field until danger of severe freezing 
requires that they be covered. Early fall frosts do not even injure 
the growing crop, and it will continue growing until the ground 
begins to freeze in the colder climates. 

The yield should be from twenty to thirty tons of fresh beets, 
not including the tops. The best mangels will produce from 5,000 
to 10,000 pounds of dry matter per acre after deducting the large 
percentage of water. 

Storing Mangel-Wurzels. — If the roots are allowed to freeze 
they must be kept frozen until about time for using, them. It is 
better not to allow the roots to freeze at all. They should be 
covered with coarse com stalks, sorghum fodder, or other coarse 
material. A layer of this over a pile of the roots will be sufficient 
until severe winter weather. By that time the roots are well enough 
cured so that they may be covered with soil which is thrown on 
top of the litter. From such piles, the roots may be removed for 
feeding at almost any time during the winter, except in the most 
severe climates. It is better to have the roots in a cellar or root 
pit where they may be more easily obtained during the long periods 
of freezing. There is less danger of freezing the whole stock if 
the roots are in a room or pit that can be opened and closed 
conveniently. 

Feeding. — Mangel-wurzels are used almost entirely for stock 
feed. They are specially valued for their succulence and are par- 
ticularly good for milk cattle, sheep and hogs. Before being fed, 
they should be. chopped fine or run through a root-slicing machine. 
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GARDEN BEETS are usually planted much earlier than the 
other types of beets, not because they are hardier, but because 
it is desired to get the crop earlier. They will withstand some late 
spring frosts and also survive the summer heat fairly well. 

In the growing of beets for the table, it is necessary that they 
make a quick, continuous growth so that little, if any, woody 
tissue will be found. If the growth is checked by dry weather or 
from any other cause, the fibrous tissue becomes woody and the 
crop is less palatable, and perhaps not edible at all. 

Young beets are always preferred in the market, and to secure 
a marketable product during all the summer season a number of 
planting are made. These may succeed each other at intervals 
of about three or four weeks. The late summer or early fall plant- 
ing should be given time to reach a desired size before the actual 
freezing of the ground. There is no time at which the roots may 
be called mature, as they are commonly harvested for table use 
in a young condition. 

Canning factories put up the best crop while in the young 
stage and thus preserve the vegetable while in a palatable condi- 
tion for winter use. The roots are also stored in cellars for sale 
and use during the winter, but the crop for this purpose should 
be in an advanced stage of growth, and many of the roots will 
usually be found to contain much fibrous material, but if their 
growth has been rapid and steady up to the end of the growing 
season, the roots may ripen without much of the objectionable 
fibre being developed. 

Growing the Crop. — ^The soil conditions and planting are much 
the same as for other types of beets already described. As the 
roots are smaller, the rows may be grown closer together, and 
when the tillage is chiefly or entirely by hand tools, the distances 
between rows may be only twelve to fourteen inches. 

The drilling of seed is usually done by hand and a little more 
care may be exercised than in the case of other beets which are 
usually planted in large quantities. Thinning is not practiced in 
the same way as with other beets. The seed itself is very similar 
to the others and the plants will come up too thick for their best 
growth, but the beet tops are valuable for cooking as greens and 
the thinning is delayed until a crop of greens can be harvested. 
The thinning is then done by hand as the crop of greens is picked. 
At that time the largest roots are left for further growth. Shortly 
after this more thinning can be done when the largest roots are 
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pulled, tied in bunches and marketed. Each row is therefore 
given several thinnings or puUings each time a crop is harvested. 
If the slowest growing plants in the garden become too fibrous for 
table use, they are used for stock feed. They may be puUed and 
dried at any time desired during the summer or fall, and are easily 
kept for a few weeks during feeding time. 

SWISS CHARD. — Although this crop is classified among the 
root crops, it is used chiefly for the tops, which are served in two 
ways: They are either cooked as greens, or the thick mid-ribs of 
the leaves, including the lower stems, are served as asparagus. 

Chard is sown in rows about fifteen inches apart to allow of a 
little tillage between the rows. The crop is started in early spring 
and may be harvested as soon as enough growth develops. If the 
tillage is good and the moisture conditions of the soil are favorable, 
the tops will become very large before they are too fibrous for 
table use. A large crop of greens is then secured. Before this, 
some thinning of the stand is necessary. A very young crop of 
greens is secured during the thinning process and the main crop 
is left standing at distances of five to eight inches. The main crop 
may be harvested by cutting without injuring the crowns, in which 
case a second growth will shoot up from the roots. If the leaves 
are broken or pulled singly without injuring the central bud of 
the crown, the plants will continue to produce new leaves and a 
perpetual crop is thus secured through the sununer season. 

This is one of the few crops of greens that endure summer heat. 
It is seldom seen in city markets, but is gradually becoming more 
popular as its merits are better known. 

The crop may be forced to produce an early growth by starting 
the seed in hotbeds and transplanting the plants in the open garden 
as is sometimes done with spinach and garden beets. The plants 
are moved to the open garden after danger of spring frost is over. 

CARROTS. — The common yellow rooted carrots with their 
finely divided leaves are well known in gardens and in city markets 
(Fig. 173). The roots are of several forms, the long cylindrical 
form, the short cylindrical form, and the long tapering form. 
Different varieties vary not only in shape, but also in color from 
white through yellow and orange to almost red. 

This crop is grown chiefly for use on the table, but is sometimes 
fed to stock. Horses relish the carrots, and the crop is often used 
by horse feeders. The yield per acre is far less than that of mangel- 
wurzels, and the feeding value is very little, if any greater. 
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Gnnring the Crop. — A rich sandy loam is desired, but tbe crop 
will grow in any good garden soil. As tbe growth is very slow at 
first, and as the tops are very sntall, it is necessary to prepare tbe 
soil very thoroi^bly and have it very free from weeds at the time 
of planting. Some more rapidly growing crop as radishes or white 
turnips may be sown in the row with the currots so that the early 
growth will help to mark the row while the carrots are growing to 
a sufficient size. Radishes and turnips will develop some size of 
root first and can be harvested before the carrots are crowded too 
much. 

If the crop is grown for stock feed, in large enough areas to 
require <r more. 



1. 173.— Can _ , , . 

j( good yielito. (ConwU Si 

More care must be exercised in early tillage of the crop than with 
most of the other root crops, as there is so much dai^er of cover- 
ii^. The horse has difficulty in keeping his place between the 
rows at first. 

Special thinning may not always be necessary if care is excr- 
dsed in planting, but it is usually found advantageous to pull the 
larger roots first, and at that time see that no bunches of roots 
are left to crowd each other. The first thinning may therefore be 
the first harvesting. If it is found necessary to do some hand 
weeding before any of the roots are lar^e enough to harvest, the 
thinning work is perhaps best done at that time; but if clean cul- 
ture has been practiced and if the soil is reasonably free from weed 
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seed, the crop may be produced with much more profit, as this 
extra hand work will be avoided. - ' 

During the summer season the largest roots are not desired in 
the market, but roots half grown or less are usually preferred. 
These are washed and tied in bunches with the fresh tops remain- 
ing on. To secure roots in best market condition during the grow- 
ing season, it is necessary to make several plantings at intervals 
of three or four weeks. 

The harvest of the main crop in the fall must be made before 
the ground freezes, although the tops will stand a little frost. 
The roots are harvested with much more difficulty than mangels 
or sugar beets, as they are smaller and many of the roots are apt 
to be covered as the plow turns up the row. Another method of 
harvesting is sometimes practiced. The turning plow is used to 
throw the dirt away from the row and then the roots are pulled 
by hand and thrown into piles. If the crop is to be stored for 
table use, the tops are usually cut off within a few days after pull- 
ing, and the roots are then stored in a cellar where they keep 
reasonably well. For stock use the tops need not be removed, but 
the crop is left in piles in the open for a longer period to let the 
tops dry more thoroughly. Feeding may begin immediately after 
pulling, and continue throughout the winter, if the roots are 
stored in a cellar or barn where they will not freeze. 

RUTABAGAS AND TURNIPS.— The species Brassica rapa is 
the true turnip and the species Brassica campestris is the ruta- 
baga. From the cultural point of view the two crops are very 
similar. The flesh of the rutabaga is usually yellow and the name 
Swedish turnip is often given to the group. The flesh of the true 
turnip is more commonly white. The shapes in both groups vary 
widely from the flattened form to the long cylindrical form. The 
rutabagas mature more slowly and the crop is easily kept through 
the winter feeding season. 

Both t3rpes are grown for the feeding of stock (Fig. 174). This 
practice is not so common in America as in some parts of the old 
world. They are replaced here largely by mangels, because of larger 
yields of the latter. Pig feeders value the rutabaga highly. 

Where both crops are raised the turnips should be used first 
and the rutabagas kept until later in the winter. 

Growing the Crop.— Both of these crops are well suit-ed to the 
cold, moist climates of the northern states and Canada. They 
prefer a loose, sandy loam, but will thrive in any rich garden soil. 
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They endure more cool weather than members of the beet family, 
and may therefore be planted earlier in the spring and grow later 
in the fall. It is not uncommon to sow the crop broadcast and gjve 
it no cultivation whatever. During the eariy growth the largest 
roots are pulled for sale or use, and this thinning gives more room 
for the development of other plants. 

When planted in the home garden for table use the seed is 
often drilled in rows and the plants given some cultivation. Sev- 
eral plantings may be made during the season, but the turnips are 
not well suited to hot summer conditions, particularly in the mid- 
dle and southern states. Plantings in early spring and in lat« 
summer or early fall will thrive better than crope started in hot 
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weather. For the turnips about two months should be allowed 
for the development of the crop and three months for rutabagas. 
In producing a crop for feeding to stock, one common practice 
is to sow the seed in a pasture from which the stock are excluded 
until the growth is well advanced. Then hogs and sheep may be 
turned in to harvest the crop. Another plan is to sow rutabaga 
seed in the spring with red clover in a grain field. Aft«r the grain 
ia harvested the rutabagas will make a rapid development and may 
lie harvested in the fall by pulling the largest roots. The remain- 
der are left in the field as fertilizer or hogs may feed on them 
for a few days without serious damage to the growing clover. 
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RAPE AND KALE. — Altbough not true root crops, these 
plants by their relationship and uses may be treated under this 
head. Braesica napua is the Latin name of the rape plant (Fig. 
175). In Amentia the best variety known is Dwarf Essex rape. 
This is a true biennial, as its seed is not developed until the second 
season. The seed is inexpensive and the cost of starting the crop 
is small. 

Kale belongs to the species Brassica oleracea. It is spoken of 
as a headless cabbage because the cabbage is of the same species. 
Kale is grown chiefly in the milder climates as a winter crop. But 
rape is grown in both the North and South as a late summer and 
fall crop. Both produce pastur^e for sheep, hogs and cattle. 
They are both also harvested and used as soiling crops for dairy 



cows and other animals. Kale is extensively used as a salad crop 
and is cooked as greens. The leaves are cut near the crown and 
new growth is allowed to spring up, thus a continuous harvest is 
obtained so long as the season is favorable. 

Movable fences are often used in pasturing a crop of rape or 
kale, as the results are much more satisfactory when the stock 
pa.sture it closely for a short time only, and then are moved to 
another part of the field. Less feed is thus wasted by the tramp- 
ing of the animals. In feeding value they are both comparable 
with cabbage, rutabagas and mangels. As the growth is rapid 
and springs up quickly after each pasturage period these are highly 
recommended for use with swine and sheep. 

Growing the Crop. — While these plants will thrive on light 



CABBAGE AND KOHLRABI 251 

• 

soil, only moderately supplied with plant food, they thrive better 
on very rich moist loam. The seed is commonly sown broadcast, 
and if the crop is to be for forage the seed is mixed with bariey or 
oats, and sometimes with winter or spring vetch to make a denser 
growth of pasturage. Kale is asually sown in late summer or fall 
and in mild climates will be green much of the winter season, some 
of the crop being harvested in early spring. Dwarf Essex rape may 
be sown at any time during the spring or early summer and the 
fall crop may be sown in Augast to be used as late fall pasture. 

Either of the crops may be sown in drill rows, at distances 
which will allow of cultivation. Clean tillage is given during the 
early growth of the plants. This practice is more common with 
kale which is to be harvested for market purposes. 

CABBAGE' AND KOHLRABI— These two plants differ 
chiefly in the place in which the food is stored. They belong to 
the same species Bfassica oleracea. In the cabbage the valuable 
food is stored in the thickened leaves and their ribs. In the kohl- 
rabi, the food is stored in the enlarged stem, which resembles a 
turnip growing above groimd. The cabbage is more commonly 
used for stock feed than kohlrabi, becaase the yield per acre is 
much greater. Both are abundantly used as human food in 
regions where they are grown. 

Growing the Crop. — These crops are both well adapted to 
cool, moist climates, and thijve l)est in very rich, black loam, pro- 
vided with an abundance of organic matter and nitrogen. 

Large fields of cabbages are grown for the manufacture of 
krout and for sale in city markets. It is common to start, the early 
crop in hotbeds or coldframes and to transplant the plants by 
hand or by machine transplanters in the open groimd when the 
soil is ready to work in early spring. For this spring crop quick- 
maturing varieties such as Cumberland Wakefield and Early 
Jersey Wakefield are used. 

The main crop, or so-called late crop, is often planted in the 
open in late May or June, and the work of transplanting is avoided. 
Several seeds are dropped in one place, and the hilLs are from two 
to three feet apart in the row, and the rows are set at the same 
distances. A little lime is dropped where the seed is planted to 
mark the spot and indicate the row by the color. This aids in 
the early cultivation, particularly if weeds start too soon. Suitable 
varieties for the* crop are Late Flat Dutch, Drum Head, and other 
large-headed varieties. 
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Kohlrabi (Fig. 176) is a. little more suited thao cabbage to bot, 
dry climates of the southern states. Thw crop is usually drilled 
in roivs about twenty-four inches apart, leaving room for cultiva- 
tion. Thinning may be practiced to let the plants stand in the 
row about eight to ten inches apart. 

Both these crops .should be pven frequent and thorough tillage 
during the early part of the growing season. After the leaves 
shade the ground, cultivation may be less frequent. 

These crops are easily stored in long trenches on well dnuned 
knolls where the heads are carefully placed, roots upward, and 
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then covered with com stalks or coarse straw, and then with soil 
enough to prevent severe freezing. If there be warm spells after 
the crop is stored, there may l>e some damage from rotting. For 
thif reason, root cellars are more satisfactory for the storage 'if 
these crops. 

FIELD AND LABORATORY EXERCISES 



': Beet Relationships. — Compare Ihr^ li^ave.s and other pajts of the plants 
aiiu note the resemblance of sugar lioetK, matigcl-wurael, spinach, Swisa chanl 
and garden Ijcct . 
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4. Grow some sugar beets in the garden, using the methods described in 
this chapter. Study their development and calculate the yields. Interesting 
experiments with fertilizer may be carried on at the same time. 

5. Surout some beet seeds between wet blotters or wet cloths, and note 
the numoer of sprouts from each so-called seed. Can you decide why beet 
plantings always require thinning? 

6. Seeds of the Root Crops. — Make a collection of the seeds of each of 
the crops mentioned in this chapter and compare them enough to be able to 
know each, if possible, when separated from the rest. What ones do you con- 
sider most alike? Make a description of such to bring out the chiu'acteristic 
differences. 

7. Comparing Fanning Seedlings. — Sprout a few seeds of each of the 
different kinds and note their differences wnen sprouting. Thi^ may be either 
in the mrden or in a seed-flat in the laboratory. 

8. Preparation for Market. — Visit a market where these and similar crops 
are being sold and study methods of preparing them for market. Which are 
considered most in demand? 

QUESTIONS 

1. Explain why sugar l)eets and mangel-wurzeb must be thinned. 

2. Give directions for the growing of the sugar beet crop. 

3. Describe the steps in harvesting. 

4. How are the beets kept until manufacturing time? 

5. W^hat is the chief by-product from the beet-sugar fiCbtory? In what two 

conditions is it sold? 

6. Compare the root crops in yields per acre. 

7. Compare them with sweet and Irish potatoes in percentage of dry matter. 

8. What root crops are most easily kept for winter use? Which most diffi- 

cult? 

9. Describe a good condition for the storage of root crops for winter sale or 

for stock feeding. 

10. Wliich ones of the crops of this group should be stored, and which used 

fresh? 

11. Which are best if planted several times during the season? 

12. Which of these crops are usually drilled in rows? Which are usually 

broadcasted? 
References. — United States Farmers' Bulletins: 295, Potatoes and Other 
Root Crops as Food; 392, Irrigation of Sugar Beets; 667, Sugar-beet Growing 
Under Irrigation; 568, Sugar-beet Growing Under Humid Conditions; 618, 
Leaf-spot, a Disease of the Sugar Beet. 



CHAPTER XVIII 
VEGETABLE GARDENING 

"To own a bit of ground, to scratch it with a hoe, to plant seeds and 
watch their renewal of life — ^this is the commonest delight of the race, the 
most satisfactory thing one can do.'' — Wabner. 

The word horticulture oripnally meant garden culture and 
the term was used to include all crops grown within the garden 
inclosure. As these crops were moved outward into fields their 
growth has continued under the name of horticulture. More 
recently the term has been subdivided and speciaUzed terms have 
come into use. Olericulture is the growing of vegetables; pomology 
is the growing of fruits; and floriculture is the growing of flowers. 

It is important that the farmer as well as the village resident 
should have his own home garden (Figs. 177 and 178). It will 
give much return in the form of fresh products for the table and 
greatly reduce the actual outlay of money for table supplies. The 
farmer's home garden and his "truck patch*' should not be dis- 
tinct. The table garden should be so closely associated with the 
truck patch that practically no extra work is required in caring 
for the former. One of the greatest objections to the home garden 
on a farm, where every one is so busy in the spring, is the fact that 
labor required in the small garden is very irksome. Most of it is 
hand work and back work. Men and boys alike conmionly shun 
the task of caring for such gardens. 

If the small garden is so connected with the large truck patch, 
where com, potatoes, tomatoes and other extensive crops are 
grown, the hand labor may be almost entirely avoided, and the 
few moments required to plow or to cultivate the area for the small 
crops will be reduced to a minimum. Such crops as lettuce, rad- 
ishes, spinach, peas, string beans, and others, that are grown on a 
small scale for table use, may each occupy a part of the long rows, 
and a few such rows at the side of the field where more extensive 
crops are grown will make it possible to use horse labor in pre- 
paring the soil for planting, in controlling the weeds and moisture, 
and very little hand work will be necessary. The use of hand 
wheel hoes under such circumstances is also possible. 

Let the home garden be a place where the young members of 
the family can grow extra products for the early markets. Interest 
254 
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in the home garden will thus be maintaioed and from this the 
interest in the whole farm is stimulated.' It may be a source of 
training in the proper methods of marketing, and some business 
training may also be acquired. 

Soils for Gardens. — For most garden cropa deep, black soil, 
rich in orRanic matter, gives best results. If very early crops are 
desired soils should contain more sand, but this is not fdways 
essential in home gardens. The depth to which the black soil 
extends is not so important for shallow rooted crops, such as 
lettuce, spinach and radish, but for beets, turnips, potatoes and 
other deep rooted crops it is essential that the good soil be very 



deep. If soils are very heavy they may be very much improved 
by large quantities of barnyard manure or green manure. If 
such a large amount is turned under at one time it should be done 
some weeks in advance of planting time to allow time for decay. 
Rolling the soil will usually hasten the <lecfty, and if the harrow 
is used afterward the plants ivill suffer less from dry weather. On 
farms where much of the soil is very heavy a study of different 
fields, not too far from the n'sidencc, should be made with a view 
to selecting those containing the moist sand. After using all a\'ail- 
able methods for the improvement of the garden soil it may be 
easily warmed and .lenited anil produce even better crops than 
soils which are naturally light and dry. 
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Among the methods to be used in the improvement of the 
heavier types of soil are deep tillage (see Fig. 71) and occasional 
use of lime, particularly after organic matter has been plowed 
under. There should be care in the use of lime as it should not 
be applied to those portions of the garden which are to be used 
the same year for potatoes and other root crops. 

A Compost — ^Well rotted manure is best for gardens. The 
seeds are usually small, and coarse material as well as clods on 
the surface, are very objectionable. Make the surface fine and 
mellow. The farmer, in studying conditions for a good home gar- 
den can well follow the example of the market gardener. The 
latter plans ahead in preparing for a supply of well rotted manure. 
He usually keeps a compost heap rotting for use a few months 
later. To avoid damage to the manure in a compost heap it may 
be prevented from heating by leaving the surface flat so as to catch 
an abundance of rain, and to prevent leaching the manure is 
placed in layers alternated with thick grass sods or other absorbing 
material. The compost is much improved by moving it at least 
once during the rotting period. This is done by forking it over 
into a new pile, during which the layers are more thoroughly mixed. 

Commercial fertilizers are often used by market gardeners 
and are most common where barnyard manure cannot be ob- 
tained at a reasonable cost. It should never become necessary 
to entirely abandon the use of green manure and barnyard manure. 
These help more in keeping up the proper texture of soil so neces- 
sary in good gardening. Commercial fertilizers, if used, should 
be supplemental to the others, and not entirely displace them. 
A good general mixture for use for either home gardens or for 
market garden truck is the following: 

Nitrate of soda 250 lbs. 

Ground bone 100 " 

Acid phosphate 550 " 

Muriate of potash 100 " 

This has a composition of about four per cent nitrogen, seven 
per cent available phosphoric acid and five per cent potash. 
The rate of application for market crops may be about 800 pounds 
per acre, but the amount should vary according to the fertility of 
the soil. 

Starting Early Plants. — ^There are a number of plants, such 
as early cabbage and others, that should be started earlier 
than the season will permit in the open field. Where small num- 
17 
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bera of plants arc to be used this can be done in window boxes or 
the plants raised by market gardeners may be purcbaded at the 
time they are to be transplanted. Where large numbers of plants 
are required a hotbed or coldframe is neceasary. 

Hotbeds arc most suitable for the growth of early garden 
plante. They should be located in protected places where they 
can have free exposure to the sun and receive as little of the west 
and north winds as possible {Fig. 179), The frames are covered 
with glass and should be so constructed as to give the glass a good 
pitch toward the sun. If the frames are to be permanent, concrete 
walls may extend a little below ground and rise to suitable heights 
to ^ve the desired pitch to the glass frames, which are laid on top 
of the concrete walls. Temporary frames may be made of two- 
inch lumber nailed to stakes driven in the ground at the c 
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of the bed Movable frames are often ased on farms. For such 
frames two-inch lumber \a nailed to comer pieces, and a suitable 
size is about 6 by 6 feet for each frame. One strip across the top 
of the middle will divide the two lines of sash and will strengthen 
the frame. The source of heat in a true hotbed is chiefly from 
rotting manure After the frame is in place it is properly banked 
on the outside, if not set in the ground About one foot of fresh 
horse manure is firmly packed in the bottom This is covered with 
about six inches of good garden soil, preferably containing a good 
proportion of sand. The glas.s is then placed over the frame and 
left until the manure begins to heat. When the temperature is 
favorable seeds may be planted The proper degree of moisture 
must be studied closely and watering should be frequent, but only 
a little at a time. On warm days much danger may be done by 
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too much heat in the bed, if the glass is not raised to allow of proper 
ventilation. It is well to have suitable supports for the glass so 
that the ventilating may be done easily and to any degree desired. 
Sometimes hinges are used at one end of each sash and support- 
ing rods with notches are used at the other end. There is less 
danger of damage to the glass by wind when hinges are used. As 
the plants grow larger and the weather is warmer the glass may 
be left open all day and closed at night. This will aid much in 
"hardening off" the plants before they are transplanted to the 
open garden. Thinning the plants in the hot-bed is usually neces- 
sary. A small bed may start enough small seedlings to fill a very 
large hotbed or coldframe when they are first transplanted. It 
is sometimes the practice of gardeners to transplant tomatoes, 
cabbage, head lettuce, cauliflower, egg-plant, peppers, and others 
more than once in the beds. Those transplanted without serious 
damage are handled in this manner. At the first transplanting 
they are set two inches or so apart, and at the second transplant- 
ing are set far enough apart to not crowd until moved to the gar- 
den. By planning the amoimt of space required for the first seeds 
and for the final beds the space required to be heated may be re- 
duced to a minimum. 

Coldframes. — Frames of suitable size, so that a person 
may readily reach from one edge to the center, may ba covered 
with glass or muslin. If no heat is applied from below the soil it 
is known as a coldframe. Vegetable crops started in the fall in 
open coldframes may be protected through the winter and pro- 
duce a rapid growth in very early spring when covered with glass 
or cloth. Kale, spinach, winter onions and other somewhat hardy 
v^etables may thus be grown. In reality the coldframe is a winter 
garden Early spring crops of such small plants as radish, lettuce, 
and others which require little time may be grown from seed to 
maturity in coldframes. The coldframe is also useful for the pro- 
tection of tomato plants and others which are to be ' 'hardened off" 
before they are set in the open garden. 

When plants are to be stored in coldframes through winter 
the frames should have some protective covering to be used over 
the glass when the weather is most severe. This protection may 
consist of woven mats of rye, straw, old carpets or feed sacks 
sewed together in strips a little wider than the coldframes. These 
coverings may be rolled from one end of the frame when they are to 
be removed. If properly cared for they may last for several years. 
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Transplanting the Garden. — The proper season of trans- 
planting plants to the open garden differs somewhat with dif- 
erent plants. Those grown in hot beds are usually started there 
because they cannot be grown in the garden before late sprii^ 
frosts are over. The gardener must know the hardiness of 
his plants, but has to take some risk regarding the weather. An 
early transplanting of a few plants may be risked and the bulk 
of the crop set out later. For the home garden this is not so neces- 
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sary, but iiuiy result in a few very early vegetables for the table, 
Tran.«planting is most successful on cloudy days or just before 
a rain. In small gardens plants may be set in the evening and 
watered when set. This will help to prevent wilting. It is best 
to place the young plants a little deeper in the soil than before. 
Very tall, slt-nder plants may be placed somewhat horizontally in 
the soil so that inunh of the slender stem is under ground. If this 
plan is followed for tomatoes they will send roots out all along the 
covered part of the stem. 
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The soil for transplanting should be freshly prepared, in good 
condition of moisture, and as free from clods as possible. When 
the young plant is set press the soil down firmly against the roots, 
then put a little loose soil on top of the packed soil. This will 
prevent baking and reduce the loss of moisture. Watering at 
this time helps to pack the soil as well as to cause a quick growth of 
new roots. Loose soil should always be raked over after watering. 
Machines are often used in transplanting cabbage, cauliflower, 
lettuce, and some other plants that are not too brittle (Fig. 180). 

TYPES OF GARDEN PLANTS.— Various vegetables grown 
in gardens may be classified as (1) hardy, not injured by white 
frost after sprouting; (2) tender vegetables, injured by slight frost 
either when young, or by early fall frosts. Plants of the hardy 
group may be started in very early spring as soon as the ground is 
fit to work, without regard to the possibiUty of heavy frosts oc- 
curring later. Seed or plants of the tender group should not be 
planted in the open until all danger of late spring frosts in past. 
A number of these plants are started in hotbeds much earlier. 

Tender Plants. — Among tender vegetables may be mentioned 
beans of all kinds, com, cucumber, egg-plant, muskmelon, okra, 
pepper, pumpkin, squash, sweet potato, tomato and watermelon. 

Hardy Garden Vegetables. — The following is a Ust of the more 
conunon vegetables which may be started in very early spring or 
can stand at least a light frost: asparagus, beets, cabbage, carrot, 
cauliflower, celery, cress, endive, horse-radish, kale, lettuce, onions, 
parsley, potato, parsnip, peas, radish, rhubarb, salsify, spinach, 
and turnip. See the more detailed classification of garden crops 
in the next chapter. 

Other Classes. — Gardeners often classify plants according to 
the treatment which they may require. Beans and peas are group- 
ed together because they often require supports. The vine plants, 
such as cucumber, m\iskmelon, watermelon, squash and pumpkin, 
belong to the gourd family, and are alike in many respects. They 
have the same insect enemies, and the distance at which they are 
planted is very great. They are also warm weather crops. 

Root crops, such as beets, rutabagas, carrots, parsnips, salsify 
and perhaps onions and potatoes require similar soil and soil treat- 
ment. A number of them have the same soil disejises and are 
badly affected by too much lime freshly applied. 

Perennial garden plants, such as rhubarb and asparagus, are 
considered together, because they should be placed at one side of 
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the garden and not disturbed by plowing for the annual crops. 
Salad plants include such crops as lettuce, kale, cabbage, cauli- 
flower, celery, cress, endive, parsley and sometimes spinach. If 
grown in hot weather they are much benefited by shade, or by a 
wind break which keeps off the hot, blasting winds from the south- 
west. They also require similar soil treatment and are much 
improved by plenty of organic matter in the soil and a good 
supply of nitrogen, because a strong leaf growth is desired. 

FIELD AND LABORATORY EXERCISES 

1. Manure f«r Garden. — ^With a fork or spade, compare well rotted com- 
post with fresh manure, and report which is more suitable for use in the garden. 

2. Prepare a mixture of commercial fertilizers, using the ingredients rec- 
onmiended in this chapter for a market garden. The amounts ma^ be reduced 
to ounces or grams instead of pounds if the exercise is to be earned on in the 
laboratory. 

3. ^iiir<«g a Hotbed. — Students should make a hotbed by constructing 
a frame about 6 by 6 feet and using two pairs 'of sash or two regular hotbed 
sashes as a cover. Properly install the manure and soil and as soon as ready 
begin garden projects suitable to the season. 

4. Make a muslin-covered coldframe of suitable size for nrowing some of 
the early gurden crops, such as the starting of sweet potato plants. 

5. Transplanting SeedUngs. — ^A suitable exercise for one laboratory period 
is to transplant into tin cans or pots a number of seedlings that have been 
started in the hotbed or coldframe. Young tomato plants, cabbage plants 
and others may be used. 

6. Garden Seeds. — Procure seeds of the tvpes of garden plants mentioned 
in this chapter, and start at least some of each lot in the garden at the proper 
season. 

7. Home projects in erowing vegetable crops should be started by all 
students. Notes sl)ould be kept covering cost and time involved in each 
crop. Records of yields and income shoulof be also reported. 

8. Canning Vegetables. — ^Exercises in canning vegetables should be car- 
ried on at the school as practice. Materials for this, including cans and prod- 
uce may be provided by members of the class or parents in the vicinity. The 
value oi the canned produce should more than compensate for this. 

QUESTIONS 

1. Discuss good soils for gardens. 

2. Describe the making of a compost for garden soil. 

3. Give the composition of good commercial fertiliser to be mixed at home for 

garden use. 

4. Give the advantages of having a hotbed for the home garden. 

5. Give directions for the construction of a hotbed. 

6. Distinguish between a hotbed and a coldframe. Tell how the latter is 

heated. 

7. How are plants hardened off and why? 

8. Give a list of garden vegetables that can stand the spring frosts. 
References. — ^United States Farmers' Bulletins: 218, The School Garden; 

255, The Home Vegetable Garden: 359, Canning of Vegetables in the Home; 
460, Frames as a Factor in Truck Growing. 

Manual of Gardening, Bailey, The Macmillan Co., N. Y. Vegetable 
Gardening, Watts, Orange Judd Co., N. Y. Garden Farming, Corbett, Ginn 
and Co., N. Y. Productive Vegetable Growing, Uoyd, J. B. lippincott Co., 
Philadelphia. 



CHAPTER XIX 
THE CULTURE OF VEGETABLES 

Well may we labor, still to dress 
This garden, still to tend plant, herb and flower. 

Milton — Paradise Lost. 

The following grouping of garden vegetables is borrowed from 
"Productive Vegetable Growing," by J. W. Lloyd. It will aid 
the student in grasping the details regarding the many vegetable 
crops to have them grouped according to heat endurance, culture 
and uses. 

Lloyd's seasonal classification of vegetables 

I. Cool Season Crops: — 

1. Cool season crops that quickly reach edible maturity: 

(a) Spring salads — 

Leaf lettuce, Ijoctuca saliva. 

Garden cress, Lepidium sativum. 

Com salad, ValerianeUa olitaria. 
(6) Spring greens — 

Spinach. Spinacea oleracea. 

Mustard, Brassica nigraj B. aUxif B. juncea, and B. Japonica. 

(c) Short season root crops — 

Radishes, Raphanus salivus. 

Turnips, Brassica rava. 

Kohlrabi, Brassica oleracea^ var. caido-rapa. 

Rutabagas, Brassica campestri. 

(d) Peas, Pisum scUivum. 

2. Cool season crops that usually are transplanted: 

(a) Spring crops that mature before the heat of summer — 

Head lettuce, Laducay sativa^ var. capitata. 

Cos lettuce or romaine, Lactuca sativa, var. Romana. 

Early cabbage, Brassica oteracea, var. capitata. 

Early cauliflowei\ Brassica oleracea^ var. botrytis. 
(6) Crops that make tneir principal growth in the cool weather of 
autumn — 

Late cabbage, Brassica oleraceaf var. capitata and var. btiUata. 

Late cauliflower, Brassica oleracea^ var. botrytis. 

Broccoli, Bmssica oleraceaf var. botrytis. 

Brussels sprouts, Brassica oleracea, var. gemmifera. 

Celery, Apium graveolens. 

Celeriac or turnip-rooted celery, Apium graveolens, var. rapc^ 
ceum, 

3. Cool season crops that will endure sumimer heat : 

(a) Root crops that endure summer heat but not winter freezifig — 
Beets, Beta vulgaris. 
Carrots, Dau^ms Carota. 

263 
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(&) Root crops that withstand winter freezing as well as Bummer 
heat — 

Parsnips, Pcutinoca aativa. 
Salsify, Tragopoffon parrifolius. 
Horse-radish, Cochlearia Armoracia. 

(c) Greens that endure heat — 

Chard or Swiss chard, Beta vulgaris. 
Kale or borecole, Brassica oleraceay var. acephala. 
Collards, Brassica oleraceay var. acephala. 
New Zesdand spinach, Tetragonia expansa. 
Dandelion, Taraxacum officinale. 

(d) Salad plants that endure heat — 

Parsley, Carum Peiroselinum. 
Upland cress, Barbarea vulgaris. 
Endive, Cichorium Endivia. 

(e) The onion group — 

Onions, AUiitm Cepa. 

Leeks, AUium Parrum. 

Garlic, Allium sativum. 

Shallots, Allium Ascalonicum. 

Chives, Allium Schaenoprasum. 
(J) Potatoes, Solanum tuberosum, 
{g) Perennial crops — 

Asparagus, Asparcigus officinalis. 

Rhubarb, Rheum Rhapanticum. 

Globe artichoke, Cynara Scolymus. 

Sea-kale, Cramhe maritima. 

II. Warm Season CROPft*: — 

1. Wann season crops usually not transplanted: 

(a) Beans — 

String beans, Phasoleus vulgaris. 

Green shell beans (including Limas, Phasedus lunatus). 

Dry shell beans, Phaseolu^ mdgaris. 

(6) Corn- 
Sweet com, Zea saccharata. 
Pop com, Zea everta. 

(c) Okra or gumbo. Hibiscus esculentus. 

(d) The vine crops — 

Muskmelons, Cucumis Melo. 

Watermelons, CitruUus vulgaris. 

Citron or preserving melon, CitruUus vulgaris. 

Cucumbers, Cucumis salivus. 

Gherkins, Cucumis Amguria. 

Squashes, CucurbiUiy maximay C. Pepo and C. moschala. 

Pumpkins, Cucurbita Pepo and C. maxima. 

2. Warm season crops that require transplanting: 

(a) Tomatoes, Lycopersicum esculenlum. 
(6) Eggplant, Solanum Melongena. 
(r) Peppers, Capsicum annuum. 
(d) Sweet potatoes, Ipomeea Batatas. 

Lettuce. — Select good, rich, moist soil in which to sow this 
crop, and keep it well tilled and watered, as this will ensure rapid 
growth, and tender, well-flavored heads. For succession crops, 
the seed should be sown about every three weeks. For an early 
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crop, it is best to start the plants in a hotbed, or in boxes in the 
house, and then set out in a well-prepared bed in the garden. Sow 
in late summer or early fall for fall and winter crops, using seeds 
of well-known hardy varieties. To protect the plants from freez- 
ing during severe weather, cover them with coarse straw. They 
will then head up in the spring. Or they can be transplanted 
under glass or a canvas covering to head up for winter use. 

There are three main types of lettuce grown: Leaf lettuce, 
head lettuce, and Cos or Romaine lettuce. The last is more up- 
right* than the others. Head lettuce is most in demand for salad 
purposes, and it is this form which is most commonly transplanted. 
In Europe the Cos lettuce is most popular. It requires blanching 
to be of the best quality. When not blanched it may be used as 
garnish. This form of lettuce endures more summer heat than 
the other types. 

Spinach. — This plant is grown exclusively for greens and is 
considered a splendid tonic. It is a cool season crop, and should 
be planted as early as possible, as it will run to seed as soon as 
warm weather comes. It will be ready for table use in from six 
to eight weeks. In the South this may be planted in the fall, and 
will winter with no protection, as a general thing. 

When planted in the fall it is usually sown broadcast, but in 
the spring it is sown in drills about one foot apart, and should be 
well tilled until ready for use. The fall-sown crop is given no 
tillage. It requires good soil, rich in nitrogen, and thrives best in 
cool, moist weather. 

One ounce of seed will plant 100 feet of drill. In sowing broad- 
cast about one-fourth more seed should be allowed than if sown in 
drills. 

New Zealand spinach is a hot weather plant. That is, it does 
not go to seed when the hot days come, but continues to grow. 
It is not a dense, compact plant like the ordinary spinach, but 
continually forms branches and new growth. These may be 
broken off and used, whereas in the other varieties the entire 
plant is pulled and used. The seed is sown in drills some distance 
apart, and the plants are thinned to one foot apart in the row, 
where they continue to grow during the entire season. 

Mustard. — In the South this plant is grown as a winter crop 
and may be cut at almost any time during open winter weather. 
It is usually sown broadcast in September or Octol)er, but may also 
be sown in February or April. Early spring sowing is usually prac- 
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ticed in the northern states. Mustard is occasionally drilled in 
rows, but seldom cultivated between the rows. One ounce of seed 
will give about eighty feet of drill, and about five ounces will sow 
one acre. The white mustard has dark green leaves and is smoother 
than the black. The latter is stronger and more pungent in flavor. 

Radishes* — This crop must be tender and crisp to be relished 
on the table. The growth must therefore be rapid and not checked 
by dry, hot weather. The soil must be rich, and too much manure 
is impossible, providing enough moistui^ is supplied. Make the 
first planting as early in the spring as possible, and sow at intervals 
of ten days or two weeks. As the largest roots are pulled more 
room is left for the others and no other thinning should be required. 
It is good practice to drill radish seeds along with beets, lettuce, 
onions, parsnips, carrots, salsify and others that make a much 
slower growth and that are very small when they first start. The 
quick gn)wth of the radishes will mark the rows and aid much in 
the protection of the other plants during the tillage with hand 
tools or wheel hoes. As the mdishes develop quickly they may be 
harvested in time to avoid crowding of the companion crops. 

For fall and winter use certain varieties may be selected from 
catalogues and sown in August or September. Allow one ounce 
for fifty feet of drill if sown alone. Market gardeners often sow the 
crop broadcast in narrow strips across the garden. In such a 
plan allow eight to ten pounds of seed per acre. 

Peas are dwarf, medium or tall and must be cared for accord- 
ingly, as the medium and tall ones will need support, while the 
dwarf ones will not. The latter are usually grown commercially, 
as they require less care. 

Peas are either smooth or wrinkled, the smooth-seeded 
varieties being hardier, while the wrinkled varieties are considered 
of better quality, being sweeter in flavor. 

They must be planted early, so as to mature the pods before 
hot weather comes. For this reason they are better adapted to 
the cooler northern simimers. By making a succession of plantings, 
peas may be had during the entire simmier and fall in the North, 
while in the South they must be planted very early. As they are 
hardy, they will stand the cold, frosty weather of late winter and 
early spring, and mature the pods before hot weather. 

Planting may be done in double drills with a support of wire 
netting between. One pound of seed will sow 100 feet of drill. 
Two hundred pounds are required for an acre. 
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Gennination nmy be hastened l^ soakiiig the seed for a time 
in warm water. Seed should be planted in light, rich loam. The 
drills should be far enough apart to allow horse tillage. The 
dwarf varieties do not need so much room. They are dropped one 
or two inches apart in the drills, and covered one or two inches 
in depth. 

This crop is grown by the acre in localities where canneries 
are situated. In this case the seed is sown with grain drills and 
no further care b given. Varieties which mature their pods uni- 
formly are used for this purpose, and when the peas have reached 
the paired stage, the whole crop is cut nith a mowing machine. 
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At the factor>' the peas are hulled by machinery, silage is made 
of the vines, and the peaa are canned. 

Cauliflower. — This crop somewhat resembles the cabbage, 
requiring similar treatment and cultivation, but is not as hardy. 
The soil should be rich in fertilizer and kept well watered during 
the summer (Figs. 181 and 182), and the young plants should be 
protected during extreme cold weather. Tlie seed should be sown 
in & hotbed m January or February for an early crop, and the 
transplanting done when freezing weather is past. Sow in late 
spring or early summer for a late crop. The plants can be set 
about fifteen or eighteen inches apart in rows three feet apart and 
cultivated frequently, keeping them in moist condition. As soon 
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as they have attained a growth of at least two inches across the 
heady the outer leaves should be tied up in order to protect against 
sun and weather, and to blanch the heads. It also prevents them 
from becoming discolored or bitter. Sometimes the ribs of the 
inside leaves are broken and allowed to cover the heads. Cut for 
use as soon as the heads are hard and compact, otherwise they are 
not so good in quality. 

This crop is usually badly attacked by' the cabbage worm. To 
save the crop several practices are resorted to: Dusting the 
young plants with such powders as wood ashes, fine road dust, 
air-slacked lime or fine tobacco dust, and often Paris green is 
mixed with one of these powders. The dusting itself Ls chiefly 
to keep the white butterflies from la3ring their eggs on the plants 
where the worms which hatch from the eggs would eat the plants. 
The dusting is done while the early morning dew is still on the 
plants. This makes it stick better. 

Broccoli. — ^This crop makes its chief growth in the fall. The 
plants are often started in the early spring in a hotbed or cold- 
frame, and the young plants are afterwards transplanted to the 
garden. They need much the same garden conditions as cauli- 
flower. 

For the fall crop, the seed is sown in the open in late summer, 
and the row is marked with a little lime dust as in the fail seeding 
of late cabbage. 

Brussels Sprouts. — In many sections this crop is not well 
known. The cultural methods are similar to those for cauliflower 
and late cabbage. The plants may be started under protection 
and then transplanted in late spring to the garden. On the tall 
stalks are produced small heads resembling minute cabbage heads. 
These are considered rare delicacies, and are cooked and served 
in much the same way as cauliflower. The harvest is usually 
delayed until .after some frosts have attacked the crop, as this 
improves the flavor. 

Celery (Fig. 183). — ^This plant is considered especially valuable 
when the stalks are thick, crisp and tender, and blanched to a 
creamy whiteness. It is now a staple vegetable, and may be served 
in several ways — in salads, or the crisp stalks are carefully trimmed 
and washed and eaten raw with the addition of a little salt. It is 
also cooked. Celery contains certain medicinal qualities, and is 
valuable as a nervine. 

Seed sown from February to April will be ready to transplant 
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from July to October. Set plants six to eight inches apart in rows 
about four feet apart. It requires rich, fine soil, with good, clean 
culture in order to keep the young plants from being smothered 
by weeds. The young plants should be topped when they have 
att^ed a growth of about four inches. This will tend to make 
them stocky, it la better to set out the plants in August and 
September than earlier in the season, as they require less attention. 
As winter approaches the sterna should be blanched by being 
mounded with earth, or by setting boards on e<^ at each side of 
the row and filling in between with leaves or straw. This will 
blanch the stalks, and they may be easily removed whenever 
needed. 



Fia. IS3. — Celr^ry miiy be CB*i\y hUnrhoil by batiklDa it with earth. (ProductivA Vaa»- 
tabk- Growing.) ™ 

To harvest the crop for winter use, dig up the plants with roots, 
and place upright in wet soil in a dark cellar. This will serve as a 
method of blanching. 

Celeriac. — Thi.i ia also known as turnip-rooted celery. It is 
easier to cultivate, as it does not require blanching, being planted 
solely for its roots which are used for salads and soups. 

Parsnip. — This v^otable is higher in nutritive value than the 
turnip, and the yield is good if planted under favorable conditions, 
such as good, well worked sandy loam. It is very popular for 
t-able use, and is excellent for stock feed. Plant early in the spring, 
covering the rows lightly. One ounce of seed is sufficient for 200 
feet of drill. As germination is slow in parsnips, it is well to sow 
s few radish seeds along with the others in order to mark the rows, 
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thus allowing early cultivation. The roots may be allowed to 
remain in the ground until after frost as they are improved in 
flavor by this method. 

Salsify.— -^This is a very palatable winter v^etable, with long, 
white, tapering roots. When cooked and serv'ed with milk or cream 
it is thought to resemble the 03^ter in flavor, hence it is also known 
as the "vegetable o>T3ter. " 

The seeds should be sown in March or April, and the cultiva- 
tion should be frequent in order to keep down weeds. A deeply- 
worked, very rich and Ught soil is necessary to produce a good 
crop, and coarse manure should be avoided, otherwise the roots 
will be badly shaped and uneven. This plant is very hardy and 
wiU stand cold weather. It is often left in the garden until mid- 
winter or early spring before the last is harvested. 

Horse Radish. — The root of this plant is used as a condiment 
or appetizer, the roots being grated and stored in vinegar. In this 
form it is used on meats and some other foods. The plant is a 
persistent perennial, and will live indeflnitely when it is once 
established in a comer of the gprden. The plants are started by 
setting small flngerling roots in rows or in small beds. Bury the 
roots so that the crowns are about three inches below the surface 
in rich garden soil. Dig the crop in late fall before the freezing 
of the ground, and after washing thoroughly, grate the roote and 
preserve in vinegar. If this is carefully done, a very white 
attractive product may be obtained. 

If the whole crop is taken up, the smallest roots may be stored 
and used next spring for replanting. 

Collards. — ^This crop is another form of headless cabbage simi- 
lar to kale. It however endures the hot weather of the southern 
states better than cabbage or kale. It makes excellent greens at 
any time in the year. Both kale and collards endure the cold and 
seem to be somewhat improved by frast. If the crop is desired 
in early spring when greens are most relished, the seed may be 
sown in early fall to produce considerable growth before winter. 
In regions where the winter is severe, the plants may be protected 
by a loose leaf or straw mulch after fall weather has begun. The 
plants may be started in hotbeds and transplanted in the open 
garden, but this method is too laborious to be commercially profit- 
able. The seed may be sown either broadcast or in drills, the former 
method being more common. The culture and soil are the same 
as for cabbage. 
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Parsley is used for flavoring in salads and soups, and for gar- 
nishing. The seed germinates slowly, and must have plenty of 
moisture. The plants are hardy and may be planted early in the 
open ground, or started inside and transplanted to the garden 
whenever early cabbage is put out. The plants should be about 
six or eight inches apart in rows eighteen inches apart. By pick- 
ing only a few leaves from each plant, the same plants will thrive 
throughout the season. They may be taken up in the fall and put 
into cold frames, or into boxes or flower pots, and kept in a sunny 
window all winter. The green leaves may also be dried in summer 
and used as flavoring for soups in the winter. 

Upland Cress is another hot weather salad plant easily grown, 
and much liked by the few who cultivate it. It should be better 
known. Like parsley it will continue to furnish leaves if care is 
taken in gathering. It is used as a substitute for water cress. The 
seed is sown in drills in good garden soil, early in the spring. In 
the South a fall-sown crop may be grown for spring use. 

Endive also endures the heat of summer. The leaves are much 
cut and very curly, growing in dense heads like lettuce. The flavor 
is bitter unless the plants are tied and blanched. Only a few heads 
are tied at a time as they rot quickly. Two or three weeks are 
necessary to blanch properly, and they must not be tied up on a 
rainy day. The plants should be thinned to one foot apart in 
rows which are eighteen inches apart. Good soil and good tillage 
are necessary. The crop is harvested in the fall. 

Onions. — ^The onion crop includes also leeks, garlic, shallots 
and chives. 

For the fall crop of onions, sow seed in early spring in very 
clean, rich soil. It should be particularly well drained because of 
the season at which the seed is to be started. Sandy loam is usually 
preferred, but it should be black and well provided with organic 
matter to produce the best crops. Drill in rows about fifteen or 
eighteen inches apart to allow of cultivation either by wheel hoes 
or by small horses. The plants will need thinning to about two 
inches apart. Practice clean and thorough cultivation and avoid 
the growth of weeds in the rows. As maturity of the bulbs ap- 
proaches the tillage should be stopped so as not to start them into 
a second growth. As the tops begin to die, the onions should be 
pulled and if the weather is favorable leave them on the field ex- 
posed to the sun for several days. They are then put into shallow 
crates, care being taken not to bruise them. They may be haulexl 
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in and either sold immediately or stored in a cool but dry place 
for future use. 

Bunch onions for use or for sale, as green onions may be pro- 
duced in one of two ways: 

1. Sow the seed of Silver Skin or other hardy white variety 
of onion in late summer or early fall in soil such as that described 
above. They should produce a good growth tliat fall, and in the 
latitudes of Maryland and southward they should winter well 
with no protection. Farther north they may be given a slight 
mulching of clean straw during the winter. The crop is ready for 
bunching for market or for use early the next spring. 

2. Otiion sets may be planted a few inches apart in rows one 
foot apart. This is usually done in the very early spring. The 
crop is usually sold as bunch onions. It is produced quickly 
because of the store of nourishment in the onion sets. 

There are three colors of onions popular on the market and 
each market or section seems to have a preference for one of the 
colors, either yellow, white or red. Seeds or onion sets of any of 
these colors may be chosen to suit local markets. 

Leeks are sometimes considered superior to onions for soup 
flavoring. The culture and soil are similar to those for onions. 
Some hilling up of the soil at each side of the row is often prac- 
ticed for the purpose of blanching the necks of the green plants. 
They are sometimes grown in coldframes during the winter to 
provide flavoring for use in the kitchen during the winter. 

Garlic has such a strong penetrating odor that a small bit of 
it rubbed on the inside of the salad dish will flavor every morsel 
in the whole dish. It is also used in flavoring soups and vegetable 
dishes. The crop is propagated by small bulbs instead of by seeds. 
These are planted as onion sets and the mature bulbs are stored 
as ripe onions. 

Shallot bulbs are matured in clusters all attached to the same 
base. These are broken apart and planted instead of planting the 
seeds. These are started in the early fall in southern states, where 
they may produce a good fall growth and remain in the garden over 
winter for use during the open winter days or in early spring. 
In the North, the bulbs are set out in early spring as is the prac- 
tice with onion sets. 

Chives grow in dense tufts forming a matted sod. The slender 
stems are used for flavoring purposes. When they are cut at any 
season, new growth will be quickly formed. Propagation is ac- 
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oomplished by division of the mass of roots either in the fall or 
early spring. 

Asparagus is a perennial and should be planted in the per- 
manent garden, where it may remain undisturbed for many years. 

Some good variety should be decided upon and a good, deep 
bed prepared, on rich land that was manured the preceding year. 
It should be plowed hi the fall for spring planting, and plowed 
again, very deeply, just before planting. 

Seed may be planted and the plants raised at home, but the 
quickest and most satisfactory method is to plant roots, either 
one or two years old. They should be placed in rows four or five 
feet apart, about ten inches deep, or so the roots may be covered 
to a depth of six inches when the bed is leveled. The plants are 
put two feet apart in the rows. The furrows made for planting 
the roots should not be completely filled at first, or the shoots may 
never find their way through, the first season. 

When they have started to grow, however, tillage should begin 
at once. A cultivator is used between the rows and a hoe close 
to the plants. With the latter tool, the earth is gradually worked 
in around the plants, so that by fall the bed or field is levelled. 
In the fall the tops should be mowed and removed from the field. 
This takes away some insects which might be harmful the next 
season. A mulch of manure should be spread over the bed to re- 
main all winter. In the spring this should be worked into the bed 
before there is any chance of the shoots being injured. A disk 
harrow is good for this work. 

None should be cut until the third spring — or two years from 
planting time. The first season the cutting should be light. After 
that the plants will be so well established that there wiU be no 
great danger of weakening them, unless the cutting is continued 
too late. Six weeks is as long as plants should be expected to yield 
without danger of permanently injuring them. 

Each fall the bed should be. cUsked and a generous supply of 
good manure spread on the field, or bed. This should be worked 
in again in the spring. The size of the shoots will depend more 
on the care and fertilization than on the variety planted. 

Rhubarb requires a rich, moist soil, and an out-of-the-way 
place in the garden where it need not be disturbed, as it is a 
perennial and will live indefinitely if it receives proper care. 

It may be grown from seed, but is usually propagated by root 
division, and the part of the root planted must bear a bud, or a 
18 
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• 
new plant will not be formed. The plants should be allowed 

plenty of room, at least a square yard of ground for each one. They 
should be kept well manured, as they require a great deal of avail- 
able plant food for the quick, heavy, succulent growth they make 
in early spring. In the fall the manure should be placed entirely 
over the plants, and raked away from the crown in early spring. 

This is one of the earliest succulent vegetables to be had, and 
is greatly relished for that reason. It has a medicinal value also. 
If it is desired extra early, a frame may be put around one or two 
plants and these covered with glass. This will force the plants. 

When the leaf stalks become small, it is a sign the plant is 
getting past its best producing period. It should then be taken 
up and the root divided and the bed renewed. 

Globe artichokes are not commonly grown. The edible por- 
tion of the plant is the undeveloped flower bud. They are cooked 
much the same as asparagus and are considered a great delicacy 
by the few who grow them, or those who buy them in the markets. 

The seeds are sown under glass, or indoors, as early as Feb- 
ruary or March. The young plants should be shifted once, and 
planted to the open ground late in April. They should be placed 
in very rich soil, about four feet apart each way. This will allow 
for horse cultivation, which should be thorough. If planted early 
enough they may 3rield some buds the first year. 

In the North the plants must be protected through the winter 
by covering them deeply (about twelve inches) with soil and 
perhaps also some coarse litter. 

In the spring many suckers start from the plants, and these 
may be used in starting a new field, or bed. A. small piece of crown 
must be taken with each sucker, the same as in the case of rhubarb 
plants. The artichoke is a perennial and may be given a perma- 
nent place in the garden, but the plants do well for only three or 
four years, after which time they must be renewed. 

Jerusalem artichoke is a perfect perennial, persisting indefi- 
nitely. The root of this is the edible portion, and is used something 
like potatoes. However, this is usually grown for hog feed, and 
the hogs are allowed to do their own harvesting, rooting out the 
tubers. 

Sea kale is a hardy perennial vegetable, used as a substitute 
for asparagus. The succulent leaf stalks are ready for cooking in 
the spring before asparagus comes up. 

It may be grown from seeds or cuttings. The final bed should 
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have the rows three or four feet apart, and the plants two or three 
feet apart in the rows. like aspan^us the first crop can be taken 
in two years from setUng time. The plants should never be 
allowed to go to seed, and should have annual applications of 
good manure, to produce strong, succulent growth. 

The stalks must be blanched for table use. This is done by 
mulching with coarse titter, or covering the plant with a box or 
flower pot, or something that will exclude all the light. 

Beans are annual plants and must be grown after the last 
spnng frost and before the first frost of fall. Succesaon plantings 
may be made, and the season prolonged in the case of "snap 
beuis." 



■ toi ilnlf liid 
opron the iidl. 

One pint will plant nearly 100 feet. If planted by the acre 
tor commereial purposes it will require from one and a half to two 
bushels per acre of seed. 

Beans are used in different stages of development, as "snap" 
beans where the entire green, succulent pod is cooked in various 
ways. Othera are shelled and eaten green, as lima beans, called 
"butter beans" in some localities. Still other varieties are allowed 
to become entirely mature and are shelled and stored to be used 
in the dry state in winter. 

There are some dwarf and climbing varieties of each tjrpe, and 
every taste may be suited in growing beans. Each gardener must 
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choose his own kind and plant what his gardening conditions will 
permit, or his market denumds. 

Beans require good soil, and deep, thorough cultivation before 
planting. Subsequent tillage should not disturb the nx)ts. Dwarf 
string beans are very easily grown, and are probably found in 
every garden of any size whatsoever, in every section of the coun- 
try. They are planted in drills or in hills, the rows being far enough 
apart to allow horse cultivation. 

Pole varieties require support and are for this reason often 
planted with com. 

Limas (Fig. 184) require even better soil than other varieties, 
and being a little less hardy should be planted two or three weeks 
later in the spring. Where earliness is very much desired, Lima 
beans .may, be transplanted. 

The -varieties grown for winter use in the dry state are usually 
grown as a field crop, and sown with a grain drill. They are usually 
white seeded varieties, heavy yielding, and maturing evenly. They 
may thus be thrashed by machinery. 

Beans belong to the legume family, and are one of the so-called 
**meat substttutes," being rich in protein. They form a valuable 
article in the diet and should be used freely in place of meat. 

Com — Directions for the growing of field com are given in 
another chapter. The culture of sweet corn is quite similar. In 
order to have roasting ears continuously after the first harvest, 
it is advisable to make plantings about two or three weeks apart. 
At the -first planting tiihe it is a good plan to start with about three 
different varieties which mature in different lengths of time. A 
good selection of sweet com would be: (a) Golden Bantam or 
Peep of Day. (b) Country Gentleman or Hiawatha Sugar, (c) 
Stowell's Evergreen. Two or three plantings of a variety from 
each of these three groups should produce a succession of crops 
to last throughout the roasting ear season. For those who desire 
very large ears with little sugar, a succession can be made by using 
Extra Early Adams and Early Adams, each being planted several 
times to produce a succession. 

Roasting ears are badly affected with the com ear worm. Where 
this insect is troublesome, varieties should be selected which have 
long husks covering the tips of the kernels. This never serves as 
a complete protection against the worms, but will help. Rotation 
of crops and fall plowing are standard methods for combating 
this insect. 
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Popcorn. — The cultural methods for growing popcorn are much 
the same as for other kinds of com. The seed ia usually planted 
by hand or with a common garden drill. The rows are marked 
off three feet apart and the com may be drilled to produce a stand 
of plants about ten to twelve inches apart in the row. There are 
several types of popcorn, and if the crop is to be sold inquiry 
regarding the demaods of the particular market should be inade. 
Usually white varieties will sell better than the red, yellow or mot- 
tled. The rice type of white popcorn usually proves to be the 
most popular. When the crop ih harvested, the husks should be 
removed from the ears and the com spread in a clean, dry place 
for curing. An attic floor may prove suitable, providing mice are 
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kept away. After drying for a few weeks, it may be put in sacks 
or bins where It can be protected from rodents! The best price 
ia usually obtained about Christmas time, or late in the winter. 

Okra or gumbo (Fig. 185) is a popular vegetable in the South, 
but less known in the North. The immature seed pods are cooked, 
and the smaller they are the more tender and dainty. 

It is a hot weather crop, and the seeds are planted in good soil 
about the same time as com and beans. They are sown in drills 
and later thinned to eight inches apart. As the seeds germinate 
slowly, better and quicker results are sometimes obtained by soak- 
ing several hours in warm water just liefore planting. Ordinary 
good tillage aud care should be given the plants. 
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Muskmelons.— It is not easy to transplant this crop, though 
it may be done if conditions are very favorable, and much care is 
exercised. The seeds are usually planted in hills where the vines 
are wanted. Manure or fertilizer is placed in the hills with the 
seed, to force a quick growth, as they are naturally slow in start- 
ing and easily fall a prey to various insect enemies, while still 
small and tender. 

The two types of muskmelons are the large and small fruited. 

Soil for muskmelons should be very rich, with much available 
plant food, and well drained. Di£Ferent soils and exposures have 
much influence on this crop. The soil should be warm when the 
seeds are planted. Then with favorable weather they will sprout 
and grow quickly past the danger from the striped beetles. About 
fifteen seeds should be planted in each hill. The hills should be 
about four feet apart each way on poor soil, but farther apart on 
soil which will cause more abundant growth of vines. 

After the danger of attacks from various enemies is over, the 
hills should be thinned and only two or three of the strongest 
plants left. Cultivation should be deep and thorough, and con- 
tinued as long as possible, or imtil there is danger of injuring the 
vines. Horse tillage may be used in large fields, with the addition 
of hand work close to the hills. In a small garden, hand hoeing 
alone may suffice. 

Melon rust is another enemy of these plants. It can be con- 
trolled more or less successfully by spraying with Bordeaux mix- 
ture, using a weak solution. 

In selecting muskmellons for the garden, a variety which shows 
well developed netting will be found the most satisfactory, as the 
flavor is usually much better than in those showing little or no 
netting. 

Striped beetles attack the young plants and make short work 
of them unless great care is exercised. Repeated spraying with 
Bordeaux mixture in which some Paris green is dissolved will 
poison many. Others may be driven away with land plaster or 
sifted ashes. The odor of turpentine or carbolic acid will sometimes 
drive them away. 

Melon lice begin their depredations when the plants be^n to 
vine out. As the lice suck the juice of the plants, they must be 
killed by suffocation. Spray with kerosene emulsion or nicotine 
sulfate, or fumigate imder tubs, using tobacco paper. 

Watermelons are an important truck crop. They can be grown 
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a long distance from market because of their good shipping quali- 
ties. They require sandy soil and hot weather to produce the best 
melons. If grown in the North with any success they must have 
particularly favorable conditions, and the very earliest varieties 
must be used. 

Growing in the loose, sandy soil as they should, very little prep- 
aration of it need be made at planting time. A few furrows may 
be turned, in which the hills are made at intervals of several feet. 
Rotted manure should be placed in the hills as in planting musk- 
melons. The field should be cultivated and hoed about the hills. 
The treatment for muskmelons may be followed in the case of 
watermelons with equally successful results. 

Citron Melon. — This variety is sometimes known as preserving 
melon, and resembles a small watermelon. It is used for pickles 
and preserves. It has also another quality which makes it val- 
uable to housekeepers. This is the abundance of pectic acid — 
that substance requisite in making fruit juices "jeU" — ^which it 
contains. By adding equal parts of juice and pulp of the citron 
melon to such fruits as cherries, blueberries, or others which will 
not "jell" of themselves, one can make perfect jelly. 

Cucumbers. — ^This crop requires a rich, moist soil, and should 
be planted in hills, thinned, tilled, and cared for about the same 
as muskmelons. In a small garden where only a few are desired 
for home use, they may be planted about a barrel which is partly 
sunk into the ground and filled with manure. This barrel is flooded 
with water frequently. 

As cucumbers are nearly all used in the immature state, they 
are very frequently picked, when more will set on the \ines. This 
may be kept up throughout an entire season. They are used in 
all stages. The very small ones are pickled whole. In fact, they 
are pickled in all sizes, up to the large dill pickles. The ripe ones 
are preferred by many cooks for making sweet pickles. The larger 
green ones are sliced and used as salad. For either purpose they 
must be used before the seeds harden. 

Gherkins resemble cucumbers in their appearance and habits 
of growth, though they are more easily grown than cucumbers. 
The fruit of the true gherkin is small, oval and prickly. They 
make very fine pickles, but are hard to gather, being so small and 
prickly. A few vines will raise all one family will need. 

Squashes. — There are two types of this vegetable — ^the summer 
and the winter squash. The summer squash is small and is used 
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in an immature state, so that frequently seeds, shell and all are 
cooked and eaten. They are often watery and flavorless. On the 
other hand, winter sqfuashes mature well and the flesh is solid, 
fine, dry and of splendUd flavor, making this v^etable highly prized 
by the housekeeper for winter use. 

The summer varieties are more easily grown than the winter 
ones. They all thrive best in good, rich soil which is prepared the 
same as for melons or cucumbers. The planting and care are also 
the same, and the same kinds of **bugs" destroy the vines if given 
a chance. They make such rapid growth that they are likely to 
overrun other plants, and for this reason are not suited to small 
gardens, but should be planted out in a field where they have 
ample room for spreading out. Such varieties of squash as Hub- 
bard or Winter Crookneck may be kept until late in the winter 
if placed in warm, dry atmosphere, where there is free circulation. 

Pumpkins. — The pumpkin crop should not be neglected, for 
it yields one of the best kinds of pie material known to the human 
race. The kind known as '*pie" pumpkins are grown especially 
for this purpose, though any kind may be used 

Field pumpkins are often grown with com and used for stock 
feed, though naturally they will grow a heavier crop if planted to 
themselves, and the richer the soil on which they grow, the larger 
the pumpkins will be. They are easily grown, and a good thing to 
have in every garden. 

Tomatoes. — It is hard for us to think it possible that the tomato 
was once considered poisonous and was grown merely as an orna- 
mental plant. In those days it was called *iove apple." It is 
now one of the most universally grown and best liked vegetables 
to be found anjrwhere. So well is it liked that it may be found in 
its fresh state in the markets of all large cities about every month 
in the year. It is shipped long distances and commands a high 
price when sold out of season. 

Few garden crops are more easily grown, or pay better for the 
care given them, and few vegetables are raised which may be used 
in such a great variety of ways. 

The earlier the fruit matures the better, so an early start should 
be made with the plants by sowing the seeds under glass in hot- 
beds, or in boxes in the living-room window. They may be thus 
started two months before planting out time, and reset and re- 
potted until they will be of considerable size when they are put 
out. They should be gradually '*hardened oflF" so they will be 
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able to withstand a light frost, should one occur after they are 
transplanted. 

The soil should be of good quality and in a fine state of cultiva- 
tion. A cloudy day should be chosen for setting out, or the work 
should be done toward nightfall, so that the plants will not wilt. 

In a small family garden they 

may be shaded through the hot 
part of the first few days to 
their advantage. 

One of the most modern 
ways of growing tomatoes is to 
plant them rather closely to- 
gether in rows, and tie them to 
wires whch are stretched along 
the row. The vines are pruned 
considerably. This makes the 
fruit larger, and allows it to 
ripen better. 

In whatever way they are 
planted, they should be well 
cultivated and kept free from 
weeds. 

Unless dwarf varieties are 
used, the plants are commonly 
staked (Fig. 186). The stakes 
should be stout and about five 
feet long. One is driven beside 
each plant, and the plant tied 
to it with soft cord or strips of 
cloth. The fruit is thus given 
every advantage for growth and 
maturity.and the vines may be 

cultivated longer if they are fio_ i»6,-Tomminpi«Dt. ^„™^™fj 
tied up out of the way. 

Pruning the vines may fe- ' 
duce the yield somewhat, and is not practiced to any extent in 
gardens where very few vines are grown. But late in the season 
when there are still many tomatoes on the vines which it is desired 
to have ripen, if the vines are well shorn of the many extra and 
straggling branches and tips of other branches, the sunlight will 
do much ^ward maturing the best of the fruit still left. 






282 THE CULTURE OF VEGETABLES 

If early frosts occur when there are still many good-eized green 
tomatoes growing, the vines may be pulled u^ by the roots and 
hung in the cellar or in some cool, rather dark place. Much of the 
remaining fruit will ripen. Another method of treatment is shown 
in figure 187. 

If partially ripened tomatoes are picked for any reason and it 
is desired to ripen them, they should be wrapped separately in 
soft paper and put in a dark place, instead of being laid in a sunny 
window as is sometimes done. 

There are so many varieties to be had it is bard to say which 



the pluiU and the fall ciup. 

is the best. Personal preference and the use to which the crop is 
to be put must he. the guides in selecting those to be planted. For 
home use and home canning, one would protiably choose different 
varieties than for shipping or for a canning factory. 

Such diseases of the tomato as leaf spot and fusarium wilt may 
be prevented by spraying in advance, with Bordeaux mixture. 
If Paris green or arsenate of lead be added to this, it will take care 
of the tomato worm at the same time. See directions for preparing 
Bordeaux mixture in Chapter XXX. 

Egg plant is a hot weather crop. It does not thrive if the plants 
are set in the garden too early, but to get an early start the seeds 



may be aown in hotbeds ia very early Bpring, and one or two plant- 
iDgs are made in the beds. After all danger of frost is over and the 
cut-worms are gone, the plants may be transplanted to the garden 
and put in rows about three feet apart and at nearly the same dis- 
tance between the plants in the rows. Rich black soil is preferred. 
Frequently the plants are badly affected with flea beetles, or 
other leaf-eating insects. They should be dusted with tobacco 
dust, or sprayed with arsenical poisons, the latter being more ef- 
fective. Black Beauty and Improved Purple are two varieties 
popular among market gardeners. 
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Peppers.— (Fig. 188). This is another hot weather crop. The 
plants are started in hotbeds in early spring an<i transplanted after 
all danger of froet ia over. The plants are set about two feet apart 
in rows three feet apart. Very rich soil is preferred. It is almost 
impossible to apply too much manure if enough moisture ia present. 
Clean culture should be practiced until danger of breaking over 
the plants. 

Two kindfl of yops are harvested from the same plant, the 
green peppers and the ripe peppers. Some markets handle both 
the green and the ripe peppers and consumers often use both kinds. 

The culture for the small hot pepper is similar to that of the 
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other peppers, but as the plants are much smaller they are set 
closer. A large crop of sweet peppers could be marketed with 
much more ease and profit than even a small crop of the hot 
peppers. 

FIELD Ain> LABORATORY EXERCISES 

1. Market Gardens. — If possible, visit the grounds of a market gardener 
and make lists of the crops he ^ws in succession in various parts of his gar- 
den. Make a separate list of his crops sown in late fall. Determine from this 
what crops will survive during the winter in your climate. What crops does 
the marl^t gardener consider best for hot. dry weather? Determine if pos- 
sible what crops are not injured by spring frosts. 

2. Home Gardens. — Several of the points called for above may be de- 
termined from home gardens raised in the neighborhood. 

3. Garden Contests. — Home projects in garden work should be started. 
Let contests be arranged for largest yields, greatest income from a given area, 
as one-tenth acre. j 

4. New plants not familiar to the students may be assigned; let one or 
more students try each of the new crops and report resulte to the others. 

5. Contests for Earliness. — ^Valuable points in contests are earliest pro- 
duction of certain specified crops, as first radishes, first peas, first sweet com, 
first string beans, and others. 

6. Starting earl;^ hotbeds should be assigned for laboratory practice. 
Students may work in groups of two or more. 

7. Early plantings in hotbeds and coldframes should be made profitable 
to the school. At least enough should be realized to pay for their cost of opera- 
tion, including the hauling of manure, soil, and the replacing of broken glass 
or other covers. 

8. Canning exercises should be conducted, either with the regular canning 
outfits or with steam and barrel as suggested in another chapter. Lady mem- 
bers of the class would do well to have practice in and preparation of vege- 
tables in new ways, making them palatable for the table. A number of exer- 
cises along this line may prove profitable. The dr>'ing of com and the dr3'ing 
of fruits are good exercises in connection with this chapter. 

9. Methods of Growers.— ^If possible, study the methods of different 
growers in the culture, harvesting, preparation for market and selling of the 
leading money crops ot the region. For example, the following where they are 
grown: Onions, rutabagas, asparagus, rhubarb, sweet com, greens, beans, 
peas and others. 

10. Cost-accounting in connection with the production of vegetables is 
important and gives an opportunity for good practice by young people. 

QUESTIONS 

1. Give the main divisions of the seasonal classification of plants. 

2. Mention five crops of each main division, and state the subdivision for 

each. 

3. What are the advantages of classifying garden crops by seasons? 

4. Describe the culture of loose-leaf lettuce and head lettuce. 

5. Compare the different forms of lettuce. 

6. What vegetables of the early hardy group should be planted several 

times for the sake of freshness? 

7. Compare the pea crop with the snap bean crop in every way you can — 

hardiness, season, time for maturing, succession, ways of marketing, etc. 
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8. What vegetables in the seasonal list have you ever seen growing? Which 

have you eaten? 

9. Describe the methods of ^owin^ a few of those you have not seen grow. 

10. What are the differences m habit of growth between crops of the cabbage 

group — early cabba^, late cabbage, kale, broccoli, cauliflower, brussels 
sprouts and kohlrabi? 

11. Give the spnecial uses of parsley, endive, celeriac, garlic, and horse radish. 

12. Give directions for the growing of asparagus. 

13. How are cantaloupes and muskmelons managed for the production of an 

extra early crop? 

14. Compare the growing of tomatoes with and without staking. 

15. What other vegetables have you seen managed according to different 

methods? Explain the differences for a few of these. 

References. — United States Farmers' Bulletins: 61, Asparagus Culture; 
62, Marketing Farm Produce; 196, Usefulness of the American Toad; 204. 
The Cultivation of Mushrooms; 220, Tomatoes; 232, Okra: Its Culture and 
Uses; 254, Cucuml)ers; 282, Celery; 289. Beans; 354, Onion Culture; 433, 
Cabbage; 434, The Home Production of Onion Seeds and Sets; 553, Popcorn 
for the Home; 554, Popcorn for the Market; 559, Use of Com, Kafir and 
Cow Peas in the Home; 642, Tomato Growing in the South; 647, Home 
Gardening in the South. 

American Varieties of Beans, Cornell Bulletin 260. Planting the Home 
Vegetable Garden, Cornell Reading Courses No. 58. Vegetable Growing, 
Mass. State Bd. of Agr. Bui. 5. Cabba^ Seed Beds, Protection, N. Y. State 
Bui. 234. Asparagus, N. J. Exp. Sta. Circ. 57. 



CHAPTER XX 
COTTON GROWING 

"I wish I were in de land ob oottoni 
Grood times dar am not forgotten, look away. 
Look away, Dixie Land/' 
— Negro Melody, 

Cotton is the leading fibre crop of the world. There are no 
records of when it was first grown. It is now the leading crop of 
the so-called cotton belt, including the states south of Virginia 
and Tennessee and extending w6st to include Texas and Oklahoma. 

Not only is the fibre of great value in the production of thread 
and cloth, but the seed is of great value for the production of oil, 
stock feed and high grade fertilizer. The yield of seed is about 
twice as heavy as the lint. The cotton crop in 1909 was estimated 
in value at more than eight hundred million dollars. This included 
both seed and fibre. This is approximately forty per cent of the 
world's product. If the world's crop were baled in ordinary bales 
of five hundred pounds each, and the bales placed in a line along the 
equator they would form a belt reaching one and one-quarter 
times around the earth. Practically all nationalities of the world 
use cotton grown in our southern states. About two-thirds of 
the cotton and cotton seed products grown in the United States 
" are exported to other countries. 

The cotton plant belongs to the botanical group known as 
the Mallow family, to which the hollyhock, althea and other 
familiar plants belong (Figs. 189 and 190). The best cottqn plants 
are strong and bushy and grow to a height of about four feet. 
In climates where frosts form, cotton is an annual plant. 

Types of Cotton. — There are four leading types of cotton: 

1. Sea Island cotton is suited to low, moist soil and moist air, 
and is grown in the coastal regions scattered about the shore of 
South Carolina, extending south into Georgia and Florida. The 
lint separates entirely from the black seed, leaving it naked. The 
fibres are very long and sell for a high price in the market, being 
used to mix with the other types of cotton. 

2. Upland cotton is of two main types, hairy and smooth. 
Both are suited to inland culture. The hairy variety is the chief 
one grown in the United States and produces the bulk of our 
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product (Fig. 191). The staple is shorter than in the smooth 
type. The seeds retain the fuzz and are slightly greenish in color. 
3. Tree cotton is grown in India. It is a perennial plant living 
for several years and grows many feet in height. The fibre is 
very fine and short. 



Fin. ISO. — Flowcn at the cottOD plnut BhocrinE the mwrnblaucs to tha nullow, ballybocka 

■TtbeK.etc. (U.8. D. A.| 

4. India bush cotton is more commonly grown in India. It is 
(Aaracterized by having small bolls bearing few seeds. 

VorietieB. — There are many named varieties and strmns of 
upland cotton in use in the southern states. These differ from each 
other in resistance to diseases, their productiveness, earliness of 
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maturing, length of liat, size of boll, shape of plant and other 
features. It is possible for a grower to select the variety which 
suits his purpose best and then by annually selecting seed with 
great care from among the plants of his field or seed plot, he may 
improve the strain or make it more suited to his soil surroundings 
and his own ideals. Varieties which mature their crop in a short 
period of time, make their growth rapidly and have short inter- 
nodes and have short boll stems or limbs are most resistant to 
the attacks of the boll-weevil and are more popular in sections 
where the boll-weevil has become injurious. The King type of 
Variety fulfills these requirements fairly well; it is of the small- 
boll type. Besides the true King variety may be mentioned 
Peterkin and Welbom, which are of the same type. 



Fia. 190.— SUfM In ths dolopmriit ol ths wttoD boll. A. ths unopened boll; B 
bol] partly opened; r, b«IUul]y opened Bhominf twin ol fibre; D, the empty, pod after tfat 
luck-cotton hu bern nathered. (Productive Funi Cropa ) 

The big-boll type is also much desired by some growers. The 
size of boll under this type seems to be associated also with ita 
resistance to storm, as the bolls do not open and expose the lint 
so badly as some others. Varieties of this type are Duncan, 
Texas, Stormproof, Jones Improved, Russell and Truitt. 

Another popular type of upland cotton is known as the long 
staple type. The lint brings a higher price in the market, but the 
yield is usually not so great. Good varieties of the long staple 
cotton are Allan, Cook, and Griffin. In these the boll is long, 
slender and pointed. The seeds are rather large and weigh more 
than twice as much as the lintafter ginning. As long staple varieties 
are late in maturing they are not used in the boll-weevil districts. 
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There are several other groups of varieties, but the three types 
mentioned are much more popular than the othera. 

Jtidgiug Cotton.^ — Methods of selecting seed have been dis- 
cussed in the chapter on Breeding. 

The grower should not only keep in mind the cbafacteristics 
of the plant, bolb, maturity, productiveness, early and rapid 
fniitit^, and influences of environment, but should also bear in. 



Pia. ISI.— A (ypioBl oattoD plaal o[ tha Diiie wllt-rMbtsut TUJety. Note tbs ■hoH-iat«i~ 
Dadn Bnd the wmput habit of the p[anl. <U. S. D. A.) 

mind the market requirements for the product he is growing. The 
following scale of points is used in judging both the upland cotton 
and Sea Island cotton: 

SCORE CARD 

CauntB. 
Si«! of boils 15 

length of liot 20 

Fineneas of lint 10 ' 

Yield 20 

Uniformity in length of lint 7 

StreDgth of lint 10 

Per ceot of lint 18 

Total 100 

19 
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Preparation for the Crop. — Cotton will grow on almost any 
soil where the climate is favorable. The plants of upland cotton 
will adapt themselves to varying conditions. If the soil is poor 
and light the plants will be very small and yet produce a few 
bolls; while if the soil is heavy silt or a rich clay loam the growth 
and yield will be proportionally larger. Rich black soil of river 
bottoms and prairies is most productive. 

If cotton is to be grown on the same field in succession, it is 
best to plow the soil in the fall as early as the preceding crop can 
be picked. Stock are often allowed to pasture on the plants after 
picking, but the returns from this practice do not compensate for 
the loss of the time in preparing the soil. Plowing in early fall 
will add the stalks and weeds to the soil .as green manure. These 
begin to decay immediately. Insect enemies of cotton, such as 
boll-worm and boll-weevil, are best kept in check by fall plowing. 
This also prevents a fall growth of cotton from seeds and old stems, 
which would maintain the boll-weevils until they go into winter 
quarters. 

The old plants are dragged down and may be cut to pieces 
with stalk-cutters to aid in plowing them under. It is well to 
grow a winter cover crop of winter grain mixed with crimson 
clover. If this is started in early fall the growth will produce a 
good crop for the winter grazing of stock, and will improve the 
soil when turned under or disked under in the spring before the 
new cotton crop is planted. The stock feed and the manure will 
pay well for the extra labor. 

There are two methods of preparing the soil for seed: (1) In 
the older method, still much used, two small furrows are thrown 
together with a small turning plow, which may be drawn by one 
animal. A small ridge or bed is thus formed for each row of cotton, 
the intervening spaces between the rows being left unbroken 
until later. It is broken with a double-mold-board plow or ' 'mid- 
dle-buster. " This bedding plan has the advantage of warming the 
soil easily and is favorable for wet sections and poorly-drained 
lands. (2) A second method is now used on the larger plantations 
and the farms of those who realize the value of using more horses 
and mules for each man. The ground is all plowed with disk 
plows or turning plows, by the use of the most eflScient imple- 
ments and more horse power. No ridges and beds are necessary 
for the warming of the soil if the tillage is deep and a few weeks 
are allowed between plowing and planting time. The frequent 
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use of the harrow during the interval will warm the soil and 
thoroughly aerate it, and will allow the surface water to penetrate 
enough to be out of the way. 

Planting. — ^The time for planting cotton is after all danger of 
frost is over. It is usually begim in April and is completed before 
the middle of May. In the ridge or bed method of starting the 
crop a furrow is opened in the middle of the bed and the seed is 
planted with one-horse drills. Good planting machines open the 
furrows, plant the seed, and cover it in one operation. The space 
between rows in either the level culture or the bed system varies 
from two and one-half to five feet, according to the size of plants 
and the richness of the soil. The plants are seldom grown in hills 
or in rows both ways, but this method is gradually coming into 
more general practice. It is more common to drill the seed in the 
row, and later thin the plants to a distance of one or two feet, 
leaving a single plant in the space. The seed is covered with one 
and one-half to two and one-half inches of soil, depending chiefly 
upon the moisture and texture of the soil. 

Fertilizing. — Cotton is not hard on the soil if the lint only is 
sold from the farm. If the cottonseed is fed to farm animals, 
and the manure well cared for and returned to the, land, the soil 
may be kept up by the use of green manures without the use 
of conunercial fertilizers. On farms where the ipanure is wasted, 
or on farms from which the entire drop of seed and lint is sold, 
it is necessary to use commercial fertilizers to maintam the 
fertility of the soil. 

Where conmiercial fertilizers are used two hundred pounds of 
acid phosphate per acre will be enough. This is appUed to the 
field about two weeks before planting time, or is sometimes 
drilled during the operation of seeding. The fercilizer attachment 
of the drill should distribute the chemical in such a way as to 
prevent it from coming in contact with the seeds. On farms where 
little or no green manure is turned under it is advisable to use 
fertilizer containing organic* nitrogen, such as cottonseed meal, 
or tankage. This may be applied with the acid phosphate. Pot- 
ash as a fertilizer for cotton is not much used, except on light 
soils. 

Culture of the Crop. — The process of removing surplus cotton 
plants from the rows is called chopping. This is done by hand 
with heavy hoes. The most vigorous plants are left standing. 
Weeds are removed from the row at the same time. Before the 
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choppii^; b^ns it is sometimes the practice to use a small turning 
plow in the field and throw a little of the soil away from the 
plants. This leaves a narrow row to be cleaned with a hoe. A 
cultivator or plow is then used in such a way as to throw some 
dirt toward the plants. The subsequent cultivation of the cotton 
should be frequent and shallow. About five thorough cultivations 
will save much of the hand work, but hoeing by hand, chiefly for 
the purpose of removing weeds in the row, is usually found to be 



used if it b possible to do so, as the work is more rapid and the 
results usually more satisfactory (Fig. i92). 



Fia. 102.— Two-roW riaipg cultiviton st work In a flild of youDB ootton. (PinduiUve 
Farm Crop«.) 

In the level system of planting, used on the lai^er plantations, 
the fields are usually harrowed or gone over with weeders before 
the thinning takes place. This destroys many weeds and keeps 
the surface of the soil from becoming hard or crusty. A few of 
the cotton plants may be killed by the operation, but this may 
be a benefit rather than a detriment. By using weeders several 
times the seeds of weeds and grasses are sprouted and killed. The 
field is much freer from weeds later in the season and the hand 
work is reduced to a minimum. 

By careful planting much of the work of thinning is obviated. 
If the cotton seed be well selected and tested the stand will be 
much more even and this will .save some of the work of thinning. 

Picking CottOD. — Several machine pickers have been invented 
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and tried, but they pick so much trash, such as boll-bracts and 
leaves, that none of them are yet very extensively used. Picking 
the cotton by hand is usually cleaner, although the harvest is 
slow and expensive. Negro labor is used. The season is a joyous 
one for the pickers and the singing of southern melodies adds 
charm to the operation and takes away the monotony of work. 
A good picker has nimble filacers and passes rapidly along the 
rows picking the locks of cotton with the seeds from the open 
bolls. About one hundred and seventy-five to two hundred pounds 
of seed cotton is a day's work. This is placed in bags hanging from 



Fid. 193.— UplHiid ooltoD in Munuiuiji, renay lu barveit. Ihe yKM la very piainmat. 
iV. 9. D. A.) 

the shoulder of the picker, who is usually paid according to the 
amount picked. The prices paid to pickers vary according to the 
scarcity of labor, the character of the yield, and the evenness 
with which the crop matures. The price per hundred pounds of 
seed cotton varies from forty to eighty cents, or may be even 
higher in some localities. 

Two or perhaps three pickings are made, the first beginnii^ in 
August or early September. Varieties which mature evenly and 
eaHy, as in figure 193, may be harvested by October, but cotton- 
picking often continues through Novemljer and perhaps into 
December. Late picking subjects the crop to loss by wind and 
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stonn. Lower grades of cotton are likely to result from late 
picking. 

Yields. — If five hundred pounds of lint are obtained from 
one acre the yield is considered very good, the average for this 
country being less than half this weight. Much lai^er yields are 
often produced on rich soil by good farmers. 

Ginning and Baling. — Public gins are to be found throughout 
the cotton belt (I^Hg. 194). Suction pipes are used to lift the 
seed cotton, delivered in wagons by farmers. It is usually passed 
through cleaners before going to the gin proper. The work of the 



tha buket of Inofie cotton eotcrliiB at the top. After ginnlDRthD libra Ulwled. Tba»edipil«l 
■t tbs Rwr of the house may be nond in the ehtnl until tAen to the oil prsH. (U.S. D.A.) 

gin is to remove the seeds from the lint. This is done by means 
of circular saws which remove the lint on their teeth as they 
revolve at rapid speed. Brushes are so placed as to remove the 
lint from the saw teeth. The cotton is then passed in great 
layers into receivers, and is ready for baling (Fig. 195), 

The lint is now comparatively clean, and is pressed into large 
rectangular bales weighing approximately five hundred pounds, 
and containing about thirty-fi\'c cubic feet. Coarse bagging is 
used to cover the bales, which are held together with iron bands. 
More careful protection of the cotton with good bagging is comii^ 
into practice. 
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The cotton should also be protected from injury by weather 
until marketed. When exposed to rain it is somewhat damaged, 
but the toss by this means is sometimes more than balanced by the 
increase in market price while it is held. Good packing and tight 
baling will do much to avoid damage to cotton during the storage 
period. Cotton is sometimes put in round bales which are made 
under heavy pressure. Rebating or further compression is then 
not necessary. 

Sea Island cotton is often ginned with machines of different 
types from the common saw gins. The seeds in this type of cotton 
are naked and are easily separated from the lint by means of rollers. 



The rotter type of gin was in use in India for centuries Ijefore the 
invention of the American machine by Whitney and Holmes, in 
1792. 

The invention of the (pn and its development into the modern 
saw tooth cotton gin has done more to advance the cotton growing 
industry than anything else. The slow process of removing the 
seeds by hand greatly increased tlie cost. Only atwut one pound 
of lint could be removed from the seed in one day by the average 
worlonan. 

Market ClaBses or Grades of Cotton. — In the markets cotton 
is closely graded and the price varies according to the grade. 
The market standards or grade names of cotton in order of value 
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are: (1) fair, (2) middle fair, (3) good middling, (4) middling, 
(5) low middling, (6) good ordinary, (7) ordinary. These prin- 
cipal grades are subdivided into intermediate grades by prefixing, 
the word "strict" to any of these names. For example, strict 
good middling is a half grade better than good middling. Quarter 
grades are sometimes indicated by prefixing "fully" to indicate 
a quarter better, and "barely" to indicate a quarter poorer than 
the principal grade. Little cotton is marketed from the southern 
states of a higher grade than strict good middling. 

In the markets, grading is done by experts who take into con- 



sideration the length and strength of fibre, the color, the amount of 
immature fibres, called "nap," the presence of trash, and the 
presence of damaged cotton, or other sources of loss when the 
cotton is being cleaned and used by the spinners. The length of 
fibre influences the price more than it does the grade of cotton. 
Long staple cotton is of much value for mixing with short staple, 
and adds much spinning quality to cotton. 

Insect Enemies of Cotton. — The boll-weevil and the boll-worm 
are the worst insect eftemies of cotton. The boll-worm has long 
been an injurious insect in cotton fields, but the boll-weevil, which 
was known in Mexico for many years, was first found in southern 
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Texas in 1892. Since that time it has advanced northward and 
eastward quite rapidly over the cotton belt, extending the radius 
of its area about one hundred miles in one year. 

The boU-weevil will completely cover the cotton growing 
states by 1930, unless some natural enemy destroys it. Thus far no 
work of man can stop its spread, but much has been done through 
the efforts of the national government and experiment stations 
to reduce the enormous damage due to the ravages of this insect. 

The adult beetle is reddish brown in color and about one 
quarter inch in length. The eggs are laid in the young * 'squares" 
as the bolls are then called. Egg laying begins soon after the 
petals fall from the flowers. In warm weather the eggs hatch 
quickly, and the larvae eat their way into the young bolls, destroy- 
ing much fibre (Fig. 196). A larva will become full grown in about 
ten days. It then transforms into a pupa, in which condition it 
rests and transforms into the adult beetle or weevil, which emerges 
a few days later. The chief injury is done by the larvae feeding 
within the bolls, but the adult weevils also puncture the bolls in 
feeding. This insect multiplies very rapidly. In the extreme 
south there are sometimes five generations in one season and four 
in its northern area. Four females may have as many as a million 
descendants in one season. 

The winter is passed in the mature or weevil stage. From 
this it has been found that the best method of fighting the insect 
is to destroy the adult weevils in the winter. They prefer to 
hide in empty cotton burs, stems of cotton and similar litter in 
the cotton field. They sometimes spread to hiding places adjacent 
to cotton fields. Fall plowing, which has been suggested, is one 
of the best ways of destroying the hibernating weevils. It is well 
to also clean up the hedge rows and road sides adjacent to cotton 
fields. This is sometimes accomplished by burning or by mowing 
and raking off the litter. 

The boll-weevil seems to greatly prefer the young squares as 
a place to lay its eggs. If cotton is planted early, and rapidly 
grown, so that many of the bolls will be developed beyond the 
stage desired by weevils, so early in the season that there are not 
many insects to attack them, a good crop of cotton may result 
in spite of this serious enemy. Later in the season squares which 
continue to form will be completely destroyed by weevils which 
have become abundant by that time. Selection of quick maturing 
varieties, early rapid growth, the use of stimulating fertilizers, 



298 COTTON GROWING 

fall plowing to destroy adult weevils, cleaning up the adjacent 
grounds, the burning of any stalks which are not plowed under, 
the prevention of fall volunteer cotton — all of these methods have 
been learned and are more generally practiced since the advent of 
the Mexican boll-weevil. 

The boU-wormis the same insect which is more commonly 
known in other states as the com ear worm. 

The adult moth is said to lay as many as one thousand eggs 
for one generation. These are often deposited on young com 
silks. When the larvBB hatch they find their way to the tip of the 
ear and produce the effects commonly seen on green com. If no 
young com is growing, the adults will lay their eggs on cotton 
plants, preferring the leaves. Here the larvae feed on any tender 
parts, especially the buds. If poison is appUed to the growing 
cotton the larvae will be destroyed. As the larvae grow they attack 
the bolls of growing cotton and much damage is done. When 
full grown the larva burrows its way into the ground a few inches, 
where it passes the pupa stage, emerging in a few days in the form 
of a mature moth. Five generations are usually produced in a 
summer in warm latitutes. Early in the season there may be 
enough young com to prevent the adults from l^>ying their eggs 
on cotton plants to any great extent. Later in the season young 
ears of com are less abundant and insects turn their attention to 
cotton, where fresh buds and young bolls are always to be found. 

Preventive measures are now well known and practiced by 
the best cotton growers. The same methods which were recom- 
mended for combating the boll-weevil are applicable here. The 
growth of any early variety of cotton will do much to produce a 
good crop before midsummer, when the boll-worms abandon the 
com crop and attack cotton. 

By growing trap crops of corn near the cotton field a succession 
of green succulent ears may be produced throughout the season 
and the attacks on cotton will be almost entirely prevented. 
A few rows of com are planted at different seasons on all sides of 
the cotton field, or perhaps in strips across it. This corn will pro- 
duce enough good stock feed to pay for the cost of the method. 

Poisoning the cotton plants is sometimes extensively practiced. 
This should be done at the season when the boll-worms are apt 
to abandon the corn fields, because of the advancement of the 
corn. The poisoning is done more commonly by dusting than by 
spraying. Paris green, mixed with ashes, road dust, lime, or 
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other material for diluting it, is applied by different dusting 
methods. 

Fall plowing, which is so destructive to boll-weevils, is also 
very destructive to boll-worms. The pupse pass the winter in the 
ground. By fall plowmg they are turned up and destroyed by the 
weather and by birds. In sections where fall plowing of corn 
fields and cotton fields is commonly practiced the boll-worm is no 
longer a serious enemy. 

Cotton Diseases. — Probably the greatest cause for the attacks 
on cotton by fungous diseases is due to a continuous growth of 
the crop on the same fields without rotation. Cotton diseases, 
when once introduced, may develop so rapidly as to practically 
destroy the crop. With these diseases, as with other plant diseases, 
prevention is more important than cure. Among the most serious 
diseases of cotton are cotton ^^ilt and root rot. 

Cotton wilt is caused by a fungous growth which attacks the 
young plants through the root-hairs in the soil. It is sometimes 
called black root, because of the change in color of the roots within. 
The growth of the threads of fungus close the ducts in the roots 
and stems and prevent the plant from obtaining water. The 
growth of the young cotton plants is immediately checked; they 
turn yellow and die. Resistant varieties or strains may be devel- 
oped by careful selection. In fields where the disease exists 
certain plants are sometimes found which have resisted the 
disease. Seed should be saved from such plants. Rotation of 
crops is the best preventive. The disease is most common in 
the southeastern cotton states. 

Cotton root rot is chiefly confined to the western part of the 
cotton belt and is conmion on the stiff black soils of Texas. The 
fungus which causes this disease produces a whitish thread-like 
growth on the surface of the roots. The growth also enters the 
roots. The surface may become darker and wart-like bodies 
often appear. As the disease lives in the soil, fall plowing is help- 
ful. Rotation of crops will largely control the damage. Grasses 
and small grains may be used in the rotation, as they are not 
affected by this disease. Alfalfa and sweet potatoes are some- 
times attacked by the same fungus and should not be used where 
cotton root rot is known to exist. 

Cotton-growing Machinery. — Cotton seeding is chiefly done 
by planters drawn by animals. The machine resembles a one- 
horse com planter, and indeed is used for both purposes. A fertili- 
zer attachment is commonly used. 
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Two-horse planters are used on the larger plantations and 
resemble com planters in operation. 

Cotton is too frequently cultivated with ''middle busters" 
and turning plows. In the modern cotton culture fields are pre- 
pared by turning the soil entire, and breaking the middle between 
rows is not necessary. By this plan the cotton cultivating ma- 
chinery is used for most of the cultivation. As the large roots of 
cotton reach deeper than in the case of com, deep tillage, particu- 
larly in the early stage of growth, is not so objectionable. 

Cotton pickers are of several types, but most growers consider 
them impracticable, and none of the inventions have become 
popular. The most practical form of picker is that which uses 
the principle of the vacuum cleaner by which cotton is drawn into 
a bag by the suction of the machine. As this draws vith it the 
bracts, leaves and other impurities, the harvested crop requires 
much cleaning. 

Digestible Nutrients and Fertilizing Values of Cotton. — ^The 
following table gives the composition of cotton seed and its 
products. It shows also the fertilizing constituents. 



Cotton seed 

Cottonseed meal . . . 
Cottonseed hulls . . . 
Cotton seed, roasted 



Dry mat- 
ter in 
100 lbs 



89.7 

93.0 
88.9 
93.9 



Digestible parts 
in 100 lbs. 



Protein. 



12.5 

37.6 
0.3 
7.9 



Carbohy- 
drates 
(+ fat 
X 2.26). 



Fertility in 1000 lbs. 



Nitrogen. 



r 



68.9 


29.4 


43.0 


72.5 


34.0 


6.7 


47.8 


26.9 



Phosphoric 
! acid 



(PiO,) 

10.5 

30.4 

4.3 



Potash 
(CtO> 



10.9 
15.8 
10.4 



FIELD AlfD LABORATORY EXERCISES 

1. Cotton Type Samples. — Obtain samples of the different types of cotton 
grown in all parts of the world. Some of the samples may be obtained by cor- 
respondence with teachers or students in different cotton regions. Airange 
the samples of fibre between two pieces of glass and bind the glass on the edges 
with black paper, or in small wooden frames. Each of the samples should be 
labeled, giving the type name, variety name, and region where grown. 

2. Variation in Cotton Plants. — In the cotton ^It obtain plants charac- 
teristic of each variety grown in the region, or near enough by, so that reason- 
ably fresh samples mav be obtained. Study the differences regarding habit of 
^owth, number of bolls, arrangement and number of flower stems, length of 
mtemodes, size of bolls, weather-proof features, earliness of maturity and 
other points. 

3. Grading Cotton. — If possible, visit a cotton market where cotton is 
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graded and practice grading different lots of cotton after the market methods 
are learned. 

4. Cotton Insects. — Obtain sainples of bpU-worm, and boll-weevil, each 
in different sta^ of development. Place these in bottles of formalin tor study 
from time to tmie. Samples showing cotton diseases may also be collected 
and preserved either in formalin or bv mounting as dried specimens. 

5. Paying Cotton Pickers. — Fields of cotton may be visited and methods 
of checking and crediting ihe work done by each picker should be learned. 
Which of tne methods is best? Give your reasons. 

6. Cotton Fertilizers. — Calculate the yields on different plots where dif- 
ferent fertilizers are used and where different varieties are grown. Such an 
exercise may be used as a home project where cotton is grown. 

7. Selecting Seeds. — Practice selecting seed before the main crop is har- 
vested. 

8. Methods at Gins. — Visit one or more gins and study the methods of 
handling the incoming loads, the methods of baling, the disposal of seed, the 
disposal or use of waste, and other features about each gin. 

9. Cottonseed Oil and Meal. — If possible, visit a mill where oil is ex- 
tracted from the cotton seed. Learn what uses are made of the oil and to 
what markets the products are shipped. What percentage of protein is found 
in the cottonseed meal? For what is the meal used? 

QUBSTIONS 

1. Compare cotton with other fibre crops in uses and popularity. 

2. What are the chief types of cotton? . 

3. What are the differences in varieties of cotton? 

4. Give the main points to be considered in judging the cotton crop. 

5. I>e8cribe the best preparation of sbil for cotton. 

6. How should good seed be selected? 

7. Give directions regarding fertilizing and cultivation to combat the boll- 

weevil. 

8. Describe the ginning and baling of cotton. 

9. What are the market classes of grades of cotton? 

10. Give full directions for combating the boll-weevil. 

11. Give the trap crop method of controlling boll-worm. 

12. Mention two cotton diseases and tell how to control them. 

References. — ^United States Farmers' BuUetins: 36, Cotton and Its Pro- 
ducts; 47, Insects Affecting the Cotton Plant; 48, The Manuring of Cotton; 
209, Controlling the Boll-Weevil in Cotton Seed and at Ginneries; 211, The 
Use of Paris Green in Controlling the Cotton Boll-Weevil; 217, Essential 
Steps in Securing an Early Crop of Cotton; 223, Miscellaneous Cotton 
Insects in Texas; 286, The Advantages of Planting Heavy Cotton Seed: 290, 
The Cotton Boll-worm; 302, Sea Island Cotton; 364, A Profitable Cotton 
Farm J 500, The Control of the Boll-Weevil; 501, Cotton Improvement Under 
Weevil Conditions; 512, The Boll-Weevil Problem; 555, Cotton Anthracouse 
and How to Control It; 577, Growing E^rptian Cotton in the Salt River 
Valley, Arizona; 591, The Classification and Grading of Cotton; 601, A New 
Method of Cotton Culture and Its Application: 625, Cotton Wilt and Root 
Knot; 735, Red Spider on Cotton and How to Control It. 

Comparative Spinning Tests of the Different Grades of Arizona-Egjrptian 
with Sea Island and Sakellaridis Egyptian Cotton, Bulletin 359, U. S. Dept. 
Agriculture. 



CHAPTER XXI 
MINOR FIBRE CROPS 

Close at her father's side was the gentle Evangeline seated, 
Spinning the flax for the loom, that stood in the comer behind her. 
Silent awhile were its treadles, at rest was its diligent shuttle, 
While the monotonous drone of the wheel, like the drone of a bagpipe. 
Followed the old man's song, and united the fragments together, 

— Longfellow, Evangdine, 

Fibres are used by man in the manufacture of fabrics for 
clothing and other purposes. Ropes and cables are also made 
from fibres. Commercial fibres are either of animal or vegetable 
origin. The chief animal fibres are wool and silk. Plant fibres are 
formed from cells of plants. The commercial forms are obtained 
chiefly from cotton, flax, hemp, Manila hemp, Sisal hemp, jute, 
ramie, Maguey, Istle or Tampico fibre. New Zealand hemp. Only 
those commercially grown in America will be discussed in this 
chapter. 

FLAX 

This crop is grown for its fibre as well as for its seed, but it is 
for seed that it is chiefly grown in America. (See Chapter on 
Small Grains for a discussion of flax as a grain crop.) 

Flax Fibre. — If a flax stem be examined, it will be seen that 
the central portion is largely filled with pith. Surrounding this 
is a wood layer, then a band composed of clusters of long fibrous 
cells. This is called bast. Outside of this bast is the middle bark, 
and then the outer bark or epidermis. It is the bast layer which 
produces the fibre of commerce. The separation of the fibre from 
the other tissues is considered later in this chapter. 

Relationships. — Flax is the most prominent member of the 
flax family of plants. It is from the genus Linum that we get the 
name linen, this cloth being made from flax fibre. 

The wild toad-flax is a closely related plant found in the 
northern and eastern states. The western Indians used a wild 
species of flax for making cords, nets and baskets. 

The origin of flax growing is prehistoric. Indeed, the most 

ancient records tell of the use of this crop for the production of 

fibre. Egyptians and Hindoos apparently used the fibre for the 

manufacture of cloth^ but there is no record of the ancient use 

302 
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of the seeds for oil and for stock feed. Wherever flax has been 
grown in different parts of the world, plants are found to spread 
from self-sown seed, and will run wild everywhere. 

World Producers of Flax. — ^The crop was early introduced into 
the northern states and Canada where it is now abundantly grown. 

Russia grows nearly four-fifths of the world's supply of flax — 
about one million tons. The Argentine Republic produces the 
greatest amount of flax seed, the United States ranking second. 
North Dakota is by far the largest flax producing state. Minpe- 
sota and South Dakota each produce nearly one-half as much. 
The last census shows one and one-half million acres for North 
Dakota with an average yield of about eight and one-half bushels 
of seed per acre. 

Description. — Flax is an annual plant with a rigid upright 
stem and a rather straight tap root. If grown thickly there will 
be very few side branches on the roots and stems. The mature 
plants reach a height of one to two feet, depending upon the soil, 
season or variety. The flowers are five-parted with light blue 
petals, followed by a large seed case in which a number of seeds 
are borne. The leaves are narrow and pointed. .f^ 

Growing the Crop. — Flax is seldom grown on old soil. It is 
well adapted to virgin prairie soil of the northwestern states and 
Canada. After a number of crops are grown, the yield rapidly 
becomes less, and wheat or grain is then grown. The reduction 
in yield is attributed to flax diseases rather than to loss of fertility 
of the soil. 

In preparing the soil, the sod is killed by turning over in thin 
slices. This is preferably done in the late fall preceding the plant- 
ing. In early spring, a disk harrow may be used to cut up the 
surface, and the seed is drilled with the ordinary grain drill. If 
the plowing is not done until spring, the planting should be fol- 
lowed with a roller to repack the soil as the crop grows best in a 
firm seed-bed. 

Well-cleaned seed should be obtained for seeding, and about 
three pecks to the acre should furnish a good stand of plants, if 
the main purpose of the crop is the production of seed. On the 
other hand, if the object is to produce fibre, about eight to ten 
pecks of seed is sown. As flax is susceptible to frost, it is sown as 
early in the spring as possible to escape injury from spring frosts, 
and is harvested in the fall in time to escape the early fall frosts. 
A period of about 10 da3rs is the minimum in which the crop may 
be produced. 
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Harvestiiig. — A commoD grain binder is used for harvesting 
flax when it is grown for seed. The bundles are placed in shocks 
and may remain for some weeks without injury. The ordinary 



Tia. I9T.— Pibec flai ia Michigan. The flax is pultfd by hand. 
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Fia. 198.— Fla. brake. Four pun of fiuled rollcn. with an 
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cited straw ^ ted ratb» 
pound! of fibre per day. 



grain thrashing machine is used for separating the seed from the 
straw. After the thrashing is over, the seed may be stored for 
future marketing, or may be hauled directly to market from the 
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thrashing machine. The flax straw which ha^ run through the 
thrashing machine is not used as a high grade fibre. It is, however, 
sometimes put through a retting process and a low grade fibre ia 
obtained for use in making fibre tubs and other vessels, and 
sometimes a fibre useful in making bagging. 

High grade fiax fibre is obtained from a different \ uiety grown 
densely on the field. Harvesting of the crop for his purpose 
is done chiefly by hand (Fig. 197). No weeds or other refuse 
materials are allowed to become mixed with the flax. The roots 
are pulled up, as much of the best fibre is in the stubble and roots. 
As much hand labor is involved in this work, the chief production 
of high grade fibre is less profitable in America than in Central 
Europe and Russia. 



Fio. 190.— FUihu-kls. DnHsd ui backkdflBiupcepunlbydrBwmi ihe at'uicheil fibre 
6nt(mr the cxwTHhukle.lbBD over the finer dim, oombiDS out ahivHanJruaneiiDdUDgU^ 
fibna. (U. a. D. A.) 

During the harvesting process the fibre is tied in small bundles 
of about one handful each. Afterward the seed is thrashed out 
by hand or by pulling the bundle between rollers. The small 
bundles of straw are then spread out for the retting process. The 
purpose of this is to prepare for the removal of the fibre from the 
pith, wood and bark of the stalks. Retting consists in spreading 
the straw on the ground or clean grass where it remains for several 
weeks exposed to the rain and weather. The next step is to put 
the straw through the breaking process. By use of sticks, wooden 
mallets or some simple machine (Fig. 198), the straw is broken in 
very short joints. This in itself will remove much of the refuse 
material from the fibre. The fibre is then put through the scutch- 
20 
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ing process, which is beating with paddles, or combing the fibre 
through revolving rollers and then through long comb-like rods 
(Fig. 199). After all of the foreign material is removed, the fibre 
is ready for sorting and baling. The bales contain about 200 
pounds each. It is then ready to be spun into thread and woven 
into cloth. Pure linen is made from the flax fibre, but much of 
the fibre is combined with cotton during the manufacture. The 
coarser fibre is called tow and is used for twine, for upholstering 
and for bagging. 

Flax wilt is the chief enemy of this crop. It is almost com- 
pletely prevented by treating the seed with formalin solution, 
which is made by mixing one pound of formalin (40 per cent 
strength) with 40 gallons of water. Immerse the seed for ten 
minutes and spread it out to dry before planting. The solution 
may be applied by sprinkling it on a pile of the seed on a clean 
bam floor. When the disease is not prevented it stunts the 
growth of the plant and gives the impression that the soil is 
deficient in plant food. Growers call it '*flax sick soil." 

HEMP 

This plant has been in cultivation for thousands of years. It 
belongs to the mulberry family and is related to the hop, osage 
orange and mulberry tree. It is a native of Central and Western 
Asia, where it was doubtless first used and from whence it has 
travelled across the continent of Europe and throughout the world. 
The crop in this country is produced chiefly in Kentucky and 
Tennessee, but smaller quantities are produced in New York and 
Nebraska. 

Hemp is an annual plant and must be grown after spring 
frost and before fall frost. It has a rank growth reaching a height 
of eight to twelve feet. Two kinds of flowers are borne upon 
separate plants. The staminate plants are less branched than the 
pistillate plants and their fibre is more valuable. 

Any good com soil will produce a crop of hemp, but in Kentucky 
and Tennessee it is chiefly grown on the blue grass soils of the 
central parts of those states where limestone formations are 
found. Rich nitrogen soils produce increased yields. In America 
the waste parts of the plant are usually left in the fall and the 
fibre and seed only are removed. In this way the drain on the 
soil is very light. 
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Seeding is done a little before planting time, and the seed is 
sown broadcast at the rate of five or six pecks per acre. This 
should be on well prepared Boil, but if the ground has been plowed 
the same spring the seeding should be followed with a roller to 
make the soil firm again. 

As the growth of the plants is very rapid, they soon smother 
out any weeds and no trouble is likely to be found from this 
source. 

When the first seed begins to ripen, about 100 or 110 days 
from seeding time, the crop is cut, if wanted for fibre, but for seed 
it is left until a larger proportion of the seed is ripe. The methods 



iBtl«l later or in Itie Nortb tpnul [or retting immsdiBtcfy. (U. S. D. A.) 

of harvesting are varied to suit the rankness of growth. Heavy, 
thick stems are usually cut with a corn knife and the crop is laid 
in piles on the ground to ret or rot. If the stems are not so coarse, 
a reaper or self-rake mower is preferred. After exposure for a few 
weeks to the rains and dews, the stems are tied in bundles and 
put in shocks or small stacks, or as usually practiced in America, 
the stems are broken in the field and the waste parts are not 
hauled in. The fibre is tied in bundles for marketing. 

A better grade of fibre is produced when the retting process 
is carried on under water in a stream, but this method is much 
more expensive as more handling is required. 
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The yield may be from six to 
twelve hundred pounds of fibre 
per acre (Fig. 200), and of seed 
from fifteen to twenty-five 
bushels per acre. In the old 
world the seed is extensively 
grown, and oil from it is extrao 
ted by pressure. It contains 
thirty to thirty-five per cent of 
oil, which is useful in cooking, 
making salads, and the poor 
grades are used for burning and 
soap making. The leaves and 
stems of hemp also produce a 
resinous product used for mak- 
ing intoxicants. The fibre 
(Fig. 201) is used for rope, cord- 
age, twine, carpet making and 
other purposes. 

ABACA OB MANILA FIBRB 

This is one of the chief 
sources of fibre for the best 
qualities of rope (Fig. 202). It 
gets its name from the city of 
Manila from which it is shipped 
in lai^e quantities. This ha£ 
been foryearsone of the chief ex- 
ports of the Philippine Islands. 
The plant ia closely related to 
and resembles the common 
banana plant. Its luxuriant 
growth is produced by an 
abundant rainfall, and moist 
climate, but where the soil is 
well-drained. 

The plants are chiefly prop- 
agated by cuttmgs made from 
After »tii,i side shoots, but they may also 
'.f"'"''h^™''b"ir " ["''^ '" be propagated by seeds. As the 
""■ B ng or nmr ^^^ .^ perennial, it is good for 
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many years. The plant muat be three or more years of age before 
a crop can be obtained, but when one crop is cut it again grows 
from the base without replanting. The harvesting be^ns when 
the flower buds appear on the plants. At that time they may 
have reached a height of from tea to fifteen feet. The long leaves 
which constitute a large part of the harvest may be ten feet 
in length, 

This crop is not put through a retting process, as in flax and 
true hemp, but the leaves when cut are ripped into long narrow 
strips by use of knives. These are drawn by hand under the edge 
of a knife resting on a wooden board. This scrapes away the 
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epidermis and pulp, leaving the leaf fibres as the desired product. 
This hand tabor is slow and constitutes the chief expense in the 
production of the crop. Five hundred pounds per acre of the 
finished fibre is a good annual yield. 

"Manila" rope as found in our markets is chiefly made of 
this fibre and a good idea of it may be obtained by ravelling out 
a piece of such rope and combining it with a coarse hair tomb or 
with the fillers. Its great value as com|wred with otli;r fibres 
of the world is due to the great h^ngth of the Individual fibres 
in addition to their natural strength. 
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SISAL AND HENBQUTN 

These two plants both belong to the genus Agave and are thus 
related to our common century plant (Figs. 203, 204 and 205). 
If the leaves of a century plant be examined, fibres may be dis- 
covered along the edge of the leaves, or if a leaf is broken much 
of the fibre may be found. 

The crop has long been produced in Central America, where it 
is called by the Spanish name Henequin. The large, thick leaves 
of the Agave plant are crushed between rollers and the work is 
done very rapidly, but many tons of leaves are required for a 
single ton of fibre. Where grown extensively, the yield may reach 
one thousand pounds of fibre per acre. Large balls of buds called 
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"mast" are produced on the sides of the flower stalks of the plant, 
and these, as well as suckers springing from the root, are used in 
propagating the plants. They are set in rows during the winter 
or rainy season, the soil being limestone itself. Indeed, crow- 
bars are used for making the holes in the soft coral rock. The 
holes may be blasted with gunpowder and the plants will then 
grow readily. Of course no cultivation is possible. Enough soil 
must be present on the rocks to retain plenty of moisture and 
supply some plant food, but the presence of lime rock seems to be 
essential. 
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As the plants live iDdefioitely, one settii^ of a field will last 
many years. The lower whorl of the leaves is taken at each har- 
vest time, perhaps twelve or fifteen leaves a year being the yield 
of a single plant. When the crop begins to blossom or go to seed 
its strength is exhausted, and it will soon die. 

Articles made from asal fibre are commonly found in the mar- 
kets and elsewhere. So-called rope mats, binder twine, and many 
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other articles are made from it almost entirely, and the fibre, 
which is coarser than Manila, is mixed with Manila for many 
purposes. The name Yucatan matting is given to one of the 
chief manufactured products, as sisal fibre is grown more abun- 
dantly in Yucatan and the West Indies than elsewhere. A good 
percentage of the world's product comes from the Hawuian 
Islands. 
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RAMIE 

Ramie (Fig. 206) is a crop well suited to the gulf region of the 
United States. It likes an abundance of moisture in the atmos- 
phere, but the soil must be well drained. The fibre is similar to 
hemp in its qualities and uses. The plant is of a woody character 
and is propagated by cuttings, but may also be increased by 
division of the roots and by seeds. The root divisions are set out 
in rows about four feet apart and the plants distanced at about 
three feet in the rows. The fibre is not easily separated from the 
tough, gummy bark, and until an economical process is devised, 
its growth in this country is entirely experimental. 

JUTE 

This is an annual plant resembling hemp (Fig. 207), but 
belonging to the same family as our linden trees, which are them- 
selves supplied with a valuable fibre in the inner bark. The 
climate for the growing of jute is about the same as for the growing 
of cotton. It prefers a moist, warm climate and rich, black soil. 

About twenty pounds of seed may be sown broadcast about 
com planting time on soil well prepared as for com. The harvesting 
of the crop is done by means of com knives, or the plants may be 
pulled up by the roots. 

The difficulty in extracting the fibre from the stalks makes 
the production on a commercial scale practically impossible in 
the United States, but in India, where hand labor is cheap, jute 
forms an important article of export. After cotton and sisal it 
is perhaps the most extensively used plant fibre in American 
manufactures, l^eing used in the making of carpets, twine, bagging, 
bale covering and other articles. The articles made of jute are 
susceptible to moisture and decompose readily in moist atmos- 
phere, or after being wet a few times. 

FIELD AND LABORATORY EXERCISES 

1. Seeds of Fibre Crops. — In glass bottles make a collection of the seed 
of each of the fibre crops, as flax, hemp and others. Label these and save for 
future study. 

2. Oil in Flax Seed, etc. — Examine seeds of flax for oil by cutting off the 
seed coatSj and then pressing the endosperm between two hard suruices, as 
a knife pomt and a piece of wood, or l)etween the nails of your two thumbs. 
Examine the oil pressed out. Make similar studies of the seeds of other fibre 
crops. 
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3. Collection of Fibres. — Make a collection of the fibre of all the fibre 
crops, and mount each as indicated for samples of cotton. (See Chapter on 
Cotton). Place with each of these a product manufactured from the same kind 
of fibre. 

4. Plants for Study. — Collect a few plants of hemp, flax and any other of 
the fibre crops available. Tie each kind m a neat bundle and han^ where they 
may be studied from time to time. Persons living outside the regions of these 
fibre crops should obtain them by writing to friends or public school teachers, 
or officials living in the regions where these crops are ^wn. 

QUESTIONS 

1. What are the two types of flax grown for fibre? 

2. Give the differences m management of the two. 

3. Give the regions for the growth of each of the minor fibre crops mentioned 

in this chapter. 

4. Describe the growth and culture of hemp. 

5. What are the differences between the fibres of these crops so far as you 

have seen them? 

6. Make a list of the uses for each of these fibres. 

References. — United States Farmers' Bulletins: 274, Flax Culture; 669, 
Fibre Flax; also Hemp, Yearbook 1913, U. S. D. A. 
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CHAPTER XXII 

SUGAR CANE 

Until comparatively recent years the sugar produced in the 
United States was made entirely from sugar cane, but now more 
is made from beets than from cane. The proportion of sugar from 
beets is increasing. The world's supply of sugar is made about 
equally from the two crops. 

Chemically the sugar from these two sources is exactly the 
same. Bakers and other users are unable to detect any difference 
in it, except that confectioners claim that sugar from beets will 
not crystallize or harden into candy after melting so readily as 
sugar from cane. They are both spoken of as "cane sugar" 
because the name is older. The name distinguishes them from 
fruit sugar, glucose, milk sugar and other kinds. 

Sugar cane has been grown for many centuries in tropical and 
other warm climates. It is profitably grown for sugar in the gulf 
states. The plant is a perennial of the grass family, but the stems 
instead of being hollow, as in common grasses, are filled with pith 
and ducts and fibres, with an abundance of sap saturated with 
sugar. Sugar and syrup are made from the juice. The stems are 
ten to twenty feet high, usually upright and clustered — several 
from one root system. 

Methods of Propagation. — In the sugar belt the cane is propa- 
gated by planting the stalks, or sections of stalks (Fig. 208) con- 
taining the eyes or buds, which are borne at the nodes or joints. 
The buds are a little smaller than garden peas at the time of 
planting and are well protected by several coats and by the bases 
of the leaves around them. 

Stalks which are intended to be used for propagation of the 
next crop should be cut before frost and protected from freezing 
until time for planting. They are sometimes buried in trenches 
and covered with earth or with litter to prevent freezing. If the 
soil is not well drained there is danger of the canes rotting in 
trenches. Another method of storage is to strip off the leaves, 
lay the stalks, or the parts of stalks which are desired for propa- 
gation, in piles and cover them with the leaves. Some soil may 
be used to hold the leaves from blowing. Sheltered places are 
desirable for the storing of seed-canes. 
314 
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Whole canes are sometimes planted in furrows; they may be 
cut in sections, bearing one or more buds, and distributed along 
the furrows. Annual planting is usually not necessary, even in the 
gulf states, as one planting will usually yield profitable cuttings 
of cane for two or three years. In wanner climates replanting is 
much lees frequent. It has been found that certain varieties are 
best propagated by using only the tops of the canes, as the buds 
there are more vigorous. 

The crop is grown in rows four to six feet apart, and pieces of 
cane bearing one or two buds are dropped about two feet apart 
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in the furrows. These arc covered to a depth of about three 
inches, by the use of a plow or cultivator. 

A less conmion practice of planting the sections of cane is to 
thrust one end in the mellow ground in a slanting position, leaving 
one end with its bud protected above the surface. New varieties 
of sugar-cane are developed by seed propagation. Seed is often 
developed at the top of the cane in tropical climates, and some 
fertile seed is sometimes secured. 

Soils and Fertilizers. — Rich, well drained botton lands, or 
other fertile soils, produce good crops of sugar cane. Good 
drainage is more essential in the cooler regions of the cane belt. 
The quality of the syrup is said to be affected by poor drainage. 
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The soil should contain much vegetable matter to aid in forcing 
a vigoraus growth and to cause the soil to hold capillary moisture 
better. 

If in the removal of the crop the entire stems and leaves are 
removed and not returned to the soil much fertility is loflt. In 
some sections the leaves and tops are burned in the fields and 
practically all of the nitrogen is lust. Where such is the practice 
much fertilizer rich in nitrogen is purchased. As much as two 
hundred or four hundred pounds of nitrate of soda per acre, or 
the equivalent in cottonseed meal, may be applied where this 
burning is practiced; two hundred and fifty pounds of acid phos- 
phate per acre ^ves good returns. Little potash is needed. The 
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supply of organic matter in the soii, as well as the nitrogen, may 
be maintained by growing the crop in rotation with cow peas, 
which are turned under as green manure. If the rows are far 
enough apart crintson clover may be seeded in early fall and pro- 
duce a winter cover for the field after the cane is cut. 

Cultivatioa. — A,s the rows cannot be cultivated by machines 
crosswise, it becomes necessary to remove the weeds in the rows 
by hand hoeing. Cultivation should be frequent, and the fields 
kept free from weeds. Both disk cultivators and ordinary com 
cultivators are used in cane fields. As the crop bears a large number 
of broad leaves it soon shades the ground thoroughly. After this 
the cultivation is usually stopped for the season. 
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HuTesting of Cane. — The cane is tall and heavy and harvest- 
ing is very laborious, as it is chiefly done by hand (I^^g. 209). In 
climates where frost occurs the cane is aUowed to ripen as much 
as pos^bie before cutting, as this will increase the sugar content. 
The expert learns from the appearance of the plants just when to 
harvest the crops (Rg. 210). The sugar content decreases if the 
cane is kept too long before griming. For this reason the harvest 
should be prolonged and the grinding may begin when harvest 
begins. To have all the cane in its best condition through a long 
period of harvest is somewhat difficult. It is accomplished by the 
use of varieties which mature at different times, by harvesting 
from light soils first and from heavy soils later, and by the use of 
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fertilizers, as more nitrogen tends to delay ripening and less nitro- 
gen will hasten the ripening. 

Before the grinding is done the leaves and tops of the canes 
are removed. This is usually done In the field before the cane 
is cut. Danger of frost may require cutting the crop before the 
tops and leaves are removed, but their removal afterward requires 
more labor. Cane is usually hauied directly from the field to the 
grinders. Cane harvesters have been devised, but have nrt come 
into general use, and most of the crop is still cut by hand, because 
many of the canes are blown down or bent over. In much of the 
sugar cane belt hauling from the fields is done on wagons. It is 
thence taken by rail to the st^ar factories to be rolled or ground 
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io the mills. In a few districts railroads are built into the cane 
fields and one handling of the crop is avoided. Loading machines 
are quite commonly used, particularly in Ix>uisiana. 

About twenty tons per acre is a good yield of stripped cane 

from bottom lands, but many fields produce twenty-five or thirty 

tons per acre. The sugar content varies from one hundred and 

fifty to one hundred and sixty pounds of refined sugar per ton. 

The yield of sugar, therefore, 

may vary from about 3000 to 

8000 pounds per acre. 

Manufacture of Sugar. — ^The 
modern method of removing 
the juice from the stalks is by 
heavy rollers. The CEtne is 
passed through one series after 
another until practically all of 
the juice is removed. The be- 
gasse or crushed material is 
passed through furnaces for dry- 
ing and is then used as fuel to 
operate the mill. 

The juice is boiled down and 
impurities are removed by the 
addition of lime, oi milk of Ume, 
which helps to absorb them. A 
scum forms on top and is re- 
moved by skimming. This pro- 
duct, rich in lime and other fer- 
tilizing ingredients, is suitable 
ail— I 11 fo'" use on the fields. After the 

.bowing' the vicuum "pHBt." The »p is sypup Is clarified in thb manner 

evuporated uoder prenute mucb below IhM ./ - l i j - 

of &ii ■IiDDaphsTe to Inwer the tempentun it IS boiled m VaCUum paUS at 

oiboUin*. (Uui«.D« st.,ion.) low heat (Fig. 211). As it begins 

to crystallize it is dried chiefly by centrifugal process, and is ready 
to be packed in sacks and barrels for shipment. 

Other Products. — Besides the yield of sugar the chief product 
is molasses, and after the above amounts of sugar are extracted 
there may be about one hundred or one hundred and twenty-6ve 
gallons of molasses per acre. Much syrup is obtained from sugar- 
cane that may never be condensed and refined into sugar. The 
juice is boiled down to any desired density. This is not called 
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molasses, but the latter is a by-product in the making of sugar, 
being that part in which the i>\igSLX does not readily crystallize. 
Very inferior grades of molasses are sold for stock feed under the 
name of ** blackstrap.'* 

The leaves and tops, if cared for when freshly harvested, are 
very good as forage for livestock. 

FIELD AND LABORATORY EXERCISES 

1. Study sugar cane plants and find where the new shoots are formed 
when stalks are planted in the ground for propagation. Also study the internal 
structure of the stem, and determine the location of the sweet sap. Is it chiefly 
in the ducts or in the pith cells? 

2. Su^ar from Cane. — If possible, visit a cane mill in operation and by 
taking weights of stalks before and after ^pinding and pressing, determine the 
percentage of sap which the plants contain. From data obtamed at the mill 
also learn the percentage of sugar in the sap, and from these facts calculate 
the percentage of sugar in the stalks themselves. 

3. Puiifying the Sap. — Study methods of removing impurities from the 
boiling sap, and determme the uses made of the various b^-products. 

4. Two Kinds of Sugar in Cane. — If a polariscope is available for use 
either in the laboratory, or at a nearby college, or at the sugar refinery, it 
will be interesting to study the differences in the sap used for making molasses 
and that used in making refined sugar. (Levulose and dextrose.) 

QUESTIONS 

1. What regions are suited to the growing of sugar cane? 

2. Describe the methods of propagating cane. 

3. How is the crop cultivated? 

4. Tell what you can of the harvesting of the crop. 
6. How is the sugar 'obtained from the cane? 

6. What is the chief by-product? 



CHAPTER XXIII 
FRUrr GROWING 

Each tree 
Laden with fairest fruit, that hung to th' eye 
Tempting, stirr'd in me sudden appetite. 

— Milton. — Paradise Lost, 

There are many types of fruit4s, as well as many varieties 
of each type. If fruit can be grown on the general farm where 
the farmer and his family are making their home, much pleasure 
as well as profit may be derived from the orchard and small-fruit 
garden. The use of fruit adds much to the satisfaction and 
healthfulness of the daily menu. Among the great pleasures of 
farm life is the picking of fresh fruit for use on the table. Canned 
fruits put up at home are likely to be more wholesome than those 
purchased in the market. If enough fruit can be grown to allow 
for a surplus to be sold in the markets, members of the family 
may receive benefits therefrom. There are few if any lines of 
farming that are more profitable than successful fruit growing. 

Methods of propagating plants used in fruit growing have been 
described in an earlier chapter. 

Orcharding. — Tree fruits, such as peaches, apples and pears, 
are commonly grown in orchards. The old apple orchard is a 
conunon sight on all farms in those parts of the country that have 
been settled by man for a number of years. Too frequently it is 
noticeable that the only treatment the orchard has had was the 
setting of it. Trees were apparently expected to yield good 
returns of fruit without any care in the form of pruning, cultivat- 
ing, fertilizing and spraying. In many cases the orchard area 
was compelled to yield returns in the form of other crops, such as 
h^. It is surprising that under such treatment many of the 
trees actually lived through the ordeal and gave enough fruit to 
encourage the owner to set more trees from time to time. There 
are now so many examples of successful orcharding in nearly all 
parts of the country that it is needless to say here that there is 
more net profit from trees that are properly cared for. 

Starting the Young Orchard. — ^Whether the young orchard 
is to be for home use or chiefly for market fruit, the soil should 
be well suited to the trees and the exposure, if possible, should 

320 
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be such as to avoid the blastii^ winds of the southwest in the 
wanner climate, and of the winter northwest winds in the colder 
climates. The exposure usually preferred is northeast, because of 
the protection from northern winds and because the fruit is not 
forced into blossom so early in the spring as the southerly exposures. 
Trees for the new orchard should be young and vigorous. If 
one-year-old apple trees can be secured of large size they are better 
than older trees which have been stunted in their growth. When 
the trees are secured from the nursery they should be heeled in — 
that is placed in a sloping position with the roote in a trench 
covered with soil (Kg. 212). When the orchard is ready for 
planting the tree is examined and pruned carefully (Fig. 213); 
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the roots are pruned to cut off wounded or broken parts, and the 
top may be pruned then or just after setting. Some of the top 
should be removed to reduce the bud and leaf area in harmony 
with the root. The lower branches, if any, arc usually left as they 
are to form the main branches of the tree as it grows larger. 
Trees of one year's growth have side buds on the main switch and 
by properly heading back the switch the location of the lateral 
branches may be forced out at any height desired. Trees with 
the side branches very low are called low-headed trees. It is now 
more conmion to head the trees low than formerly. They may be 
pruned and sprayed with much less labor and the cost of harvest- 
ing is not 80 great. The trees will require some annual pruning 
21 
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while young to keep them id good shape, heading back some of 
the long growths and perhaps to open the heads on thin branches 
and to encourage growth in certain parts. 

In setting the tree it should be placed a little deeper in the soil 
than it was when in the nursery. The hole should be amply lai^ 
so that plenty of top may be placed about the roots. The soil 
should be well tramped down over the roots to cause the rapid 
formation of root-hairs. If the season be dry, watering at setting 
time is very helpful. lxx>3e soil should always be left on the 
surface. The distance apart for planting orchard trees varies 
with the variety, soil and climate. Apples are planted from 

FTa.2U. Fio.2iS 
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breaking tbs limbs, Thia lies wu "beuled" aboul eight inches [(om ihe gronnd. (New 
Jersey StnlioD.) 

FiQ. 21fi.— It is well to praclicB sonie summer pfuninB on all kinds of orchard tnta. 
This work is chisfli' done with the flngei*. It consists in removiDi sprouli on the truck and 
lower limba and any other places on Ibe tree. l,New Jersey Sialion-i 

twenty-five feet each way to forty feet each way. Peaches vary 
in distance from fifteen feet to twenty feet each way. 

Methods of Pruning. — Pruning should be practiced only by 
those who have had special instruction. There are several things 
to be remembered; (1) Never cut a large limb if the removal 
of a few small limbs will do (Fig. 214). (2) The pruning should be 
annual to keep the trees in best condition, and to avoid having to 
cut large Umbs. (3) Remove limbs that interfere or tend to rub, 
(4) Cut the limbs as close as possible, never leaving a stub. This 
will allow nature to heal the wound and prevent decay. (5) 
Always make the cuts as smooth as possible, never allowing a limb 
to split down while being cut. (6) Large wounds should always 
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be covered within a day or two with good paint, grafting wax or 
other protective material. (7) When a cut is made it should be 
ID such a position or slope as to ahed off water. (8) In pruning 
to remove blight, canker, or other diseases, the tools should be 
disinfected by dipping in corrosive sublimate water or other dis- 
infectant. (9) In pruning small twigs the cut should be made 
just above a bud, and the direction of growth may be governed 
by the location of the bud where the cut is made. (10) For such 
fruits as apples and pears the fruit spurs must be protected and 
enough growth cut away to allow sunlight to strike them. 



F^re 215 is to illustrate the work of summer pruning; note 
the small bunches of leaves on the ground that have been removed 
with the fingers. This plan enables the grower to keep the growth 
within his control with the utmost ease. 

Tillage. — ^Young trees need tillage even more than old ones 
(Fig. 216). The growth should be forced and clean culture is the 
best method. To bring some returns for this work it is common 
to grow some market crop between the rows of young trees. 
Suitable crops for this purpose are much discussed by fruit growers. 
Is some states potatoes and other root crops are much used. Near 
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the large loarkets lima beans, string beans, garden peas and 
similar crops have been tried successfully. The trees should not 
be crowded by the other crops, but wider stripe for the trees 
should be left from year to year. 



On reasonably level land clean culture should be practiced 
even in older orchards (Figs. 217, 218 and 219). Allowing grass 
sod to grow permanently in the orchard should not be practiced, 



unless the hilUidc is steep. If other crops can be used to bold 
the soil from washing for the first few years the sod may be 
allowed to grow afterward. If sod is grown the grass should be 
cut each summer and u.sed as a mulch about the trees. 
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Fertilizers. — The best fertilizer for the young orchard is green 
manure formed by a winter cover crop started late in the sununer 
and plowed under the next spring. This furnishes a good supply 
of nitrogen which the young trees need so much. Some phosphoric 
acid and potash may be applied after the trees are older. Pro- 
fessor Waugh recommends for each young apple tree: 

Nitrate of soda 1 oz. 

Basic slag meal 10 oz. 

Low grade sulfate of potash 6 oz. 

As the trees come to bearing age a less proportion of nitrogen 
is required. 

If there are no attacks of San Jos4 scale or other insects inju- 
rious to the young trees, the spraying may not be required before 
fruiting age. 

Varieties. — The choice of varieties for any orchard will depend 
chiefly on whether the fruit is to be used for home consumption 
or is to be sold in the markets. Home orchards may reasonably 
contain a larger assortment of varieties ranging through the 
ri()ening season. It is important to select varieties which are 
family favorites and have good qualities for home use; while for 
market, varieties must be selected which are well known and 
will stand handling. In the home orchard new varieties may 
also be experimented with, but the commercial orchard should 
not contain untried sorts. 

Spraying. — In most sections of America insect enemies and 
diseases of fruit are so common that even the farmer with a small 
orchard should not attempt to produce good fruit without spray- 
ing. The cost of equipment, material and labor is slight compared 
with the results attained. He should understand the nature of 
the different insect enemies and fungous disea.ses. All efforts at 
spraying mast be well directed and well suited to the purpose. 
The principles underlying the various operations are given in the 
chapter on Control of Insects and Diseases. 

The culture of tree fruits is commonly called pomology, but 
that term is often extended to include all kinds of fruit growing. 
The real tree fruit may be grouped under two heads: (1) Pome 
fruits, those containing a core, such as the apple, pear and quince. 
(2) Stone fruits, or those containing a single seed with a hard, 
stony shell, such as the peach, plum and cherry. 

Apples. — Wild crab-apples are found in America, but the an- 
cestry of most of our important crabs, and the foundation stock 
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of the true apple, are from the Old World. There are many 
valuable varieties of apples, most of which have originated in 
America. As varieties which are suitable for one part of the 
country are not always the best for other districts, reference is 
here made to United States Farmers' Bulletin 113, '*The Apple 
and How to Grow It. " In this Bulletin are given lists of varieties 
well classified according to the different apple growing districts 
of the United States. 

Varieties may be classified according to their season of matur- 
ing, as summer, fall and winter. The last group includes apples 
which are best for storage, as they keep the best. 

Apples of different varieties adapt themselves to a rather 
wide range of soil, but in general the loams or heavy loams are 
much better for apples than lighter soils. It is partly because of 
the variation in soils in the different apple growing districts that 
special varieties must be selected by local growers. (See Chapter 
on Control of Insects and Diseases.) 

Pears were first grown in Asia and later in Europe before 
being introduced to America. In the eastern states the best pear 
regions for commercial orchards are in New England, Ontario 
and westward along the Great Lakes. On the Pacific coast they 
are grown abundantly in California, Oregon and Washington, but 
pears are grown for home purposes in many other states. The 
crop may be grown well on very heavy soils. 

A number of varieties of pears are self-sterile, and should be 
set near others which can furnish them pollen during the blossom 
season. The Keiffer pear is a late maturing variety of very poor 
quality, but a heavy yielder and a good keeper. The Seckel pear 
is also widely grown. Its quality is very fine but the fruit is of 
small size. Flemish Beauty, Le Conte, and Angouleme are all 
well known by pear growers. The foregoing will usually poUenize 
themselves and aid in poUenizing others grown near them. Bart- 
lett, Clapp's Favorite and Lawrence are very popular varieties of 
good quality, but these are self-sterile. 

Quinces are commonly grown on low, wet soils, because their 
roots are shallow and will live in such soil. They also do well on 
uplands with better drainage. The fruit is chieflv used to mix 
with other fruits of poor flavors. It has good jelly-making prop- 
erties and may be used for jelly, either alone or with other fruits. 

Peaches were first grown in China. They were introduced to 
the West through Persia, Europe and then to the New World, 
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reaching here in the early Colonial da3rs. As the peach is very 
susceptible to frost during the blossom period, and the trees are 
somewhat tender, in severe winter climates its distribution is not 
so general as the apple. Large conmiercial peach orchards are 
most commonly found where the climate is moderated by lakes, 
oceans or other large bodies of water. The peach belts of Michigan 
and Ontario, Connecticut, and the eastern seaboard, are possible 
for this reason. Peaches are also grown in interior states and are 
most successful where the air drainage is very good, as this tends 
to prevent damage by frost at blossom time. Winter killing of 
buds is much more common in districts not protected by large 
bodies of water. Soils may be lighter for the peach than for the 
apple. Indeed they are somtimes grown successfully on very 
light sandy soils, if plenty of organic matter is present and fertil- 
izers are used. 

There are many varieties of peaches which are grouped under 
two main types — ^free-stone and cling-stone. The former are 
usually preferred for eating out of hand and for canning purposes. 
Cling-stone peaches are very rich in flavor and are used in making 
sweet pickles, as well as for cooking as sauce. Further classifica- 
tions are made according to the color of the flesh — ^white, yellow 
and marked with red. Elberta is the most popular free-stone 
peach, with yellow flesh, but its quality is poor as compared to 
many others. Crawford Early, Crawford Late, Champion, Belle 
of Georgia and Stump-the-World are well known free-stone varie- 
ties. Carmen is probably the most popular cling-stone variety, 
because of its early ripening. 

Plums are of three main types: (1) Those of American origin 
are from the species Prunus Americana^ including such varieties 
as Hawkeye, DeSoto, Weaver, and others. (2) Those of European 
origin are from the species Prunus damestica. Good varieties 
of this group are Green Gage, Lombard, and Goliath. (3) Plums 
of Japanese origin are from a distinct species, and include Red 
June, Satsuma, Burbank, Abundance and others which are of fine 
quality and abundant flesh. 

There are other minor groups such as the Wildgoose and the 
Damsons. 

The range of soils for plums is quite variable. As a rule the 
Japanese plums are well suited^ to heavy loams and the others are 
successful on soils which are much lighter. 

Cherries are of two classes. (1) Sweet or heart cherries, 
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several varieties of which mature quite early in the season. (2) 
Sour cherries, which usually mature later in the season. Cherries 
of the first group are most commonly found in the markets, and 
much of the crop is produced on the Pacific coast. Sour cherries 
are more commonly grown in the East for canning and for pies. 

The soil for cherries should be well drained and may vary from 
light loam to medium loam. The crop thrives best where the 
weather is moist up to picking time. As the trees do not always 
transplant well, it is sometimes the practice, particularly with the 
sweet varieties, to start the young trees from seed in the orchard 
and bud them as soon as they are large enough. Sour varieties 
are usually propagated by budding the stocks in nursery rows. 

The most popular sweet varieties of cherries are Windsor and 
Black Tartarian. Among the sour cherries which are much grown 
are Early Richmond, English Morello and Montmorency. 

Citrus fruits include the orange, the lemon and the pomelo or 
**grape fruit." These must be grown in climates where there is 
no serious danger of frost. The trees are evergreen. They are 
propagated by budding the young seedhng stocks in nursery rows. 
In CaUfornia lemons and oranges are much grown by aid of 
irrigation. In Florida rainfall is usually depended upon for the 
water supply. 

Oranges are of two main types — seed-bearing and seedless. 
Those having no seeds are of most recent origin and are called 
navel oranges. They bring higher prices in the markets than the 
older varieties. Some of the seeded varieties are more hardy and 
may be grown farther north in the Florida districts. 

Harvesting. — ^When the fruit is to be used inunediately poor 
methods of harvesting are not so objectionable as when the 
fruit is to be kept for some time, or when it is to be offered for sale 
in the markets. Fruit to be kept should be handled carefully. 
Do not shake fruit from the trees, but pick it by hand. Ladders 
may be used in picking such fruits as apples and pears. Suitable 
picking baskets will prevent any mashing, crushing, or bruising 
of the fruit, and when properly handled it will keep much longer. 
Peaches may be picked chiefly from the ground if the trees are 
headed low. If fruit is to be shipped some distance it must be 
picked after it has reached full growth and begins to show some 
signs of ripening, but the flavor is not so good as when it is allowed 
to more completely ripen upon the trees. This is true of peaches, 
plums, and apples; but pears should always be taken from the 
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trees a little before they are ripe. They mature with less grit and 
better flavor if kept in a dark place during the ripening period. 

Peaches, and sometimes other fruits, need thinning, just after 
the fruit begins to grow (Figs. 220 and 221). This will make better 

Fia.220. Fia. 221. 



fruit and will greatly simplify the work at harvest time. The fruit 
is more uniform in size and less sorting is necessary. 

There is a close relationship between the system of pruning 
and the labor involved at harvest time, at least with the tree fruits. 
If apple trees, peach treei, and others have their heads all near the 
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ground the work of picking is much reduced. When the trees are 
headed several feet above the ground, the long shaft adds that 
much to the height which the picker must surmount at picking 
time. Ladders are sometimes, so tall that it is difficult to manage 
them, or to move them from place to place around the tree. light 
ladders should be used, not only because they are more easily 
handled, but because they will break fewer of the twigs and limbs 
when the picker ascends them. 

If peach trees can always be picked from a common step-ladder 
five or perhaps seven feet in height, the work is much simplified 
and the picking is much more rapid than if heavy picking stands 
or trucks have to be moved about for this work. 

Special harvesters are sometimes used for fruits that are other- 
wise out of reach A small wire basket surmounted with a few 
sharp tines arranged like comb teeth is mounted on the end of a 
light pole. The tines will pull off the fruit which is held in the 
little basket until it is brought down and removed by hand. An- 
other simple plan is to have a Y-shaped piece of metal projecting 
a few inches at right angles to the end of a light pole. Just below 
this is attached a ring from which hangs a bag or sleeve of cloth. 
The operator uses the Y piece of metal to pick off the fruit which 
drops into the sleeve without bruising it. Another form of picker 
is provided with a pair of tongs at the end of a pole, the tongs 
being closed by pulling on a cord or wire which is fastened to the 
lower end of the pole. The tongs are provided with two concave 
jaws which grasp the fruit firmly and prevent its dropping. 

When to Pick. — Much judgment and considerable practice are 
required to determine just the right stage of development of 
peaches, apples, pears and plums that are to be picked If the dis- 
tance for shipment is great, the development of the ripening period 
is less than if they are to be marketed more locally. If picked 
too green, fruits are likely to reach market in a bitter or tough 
condition, and their immaturities will be very evident. On the 
other hand, if the picking is delayed too long, the fruit will not 
' 'hold up " during shipment, and the result may be a serious loss 
to the shipper. 

Even with small fruits such as blackberries and strawberries, 
the same is true. Strawberries must have completely colored to 
the tip before being picked or they will not be well received in 
market. Blackberries to be properly ripened should be soft, and 
the sharp acid taste should be passed. Of course they cannot be 
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left on the vines this long if they are to be shipped some distance, 
but for local or home use they shotiid be ripened on the bushes. 
Peaches that are to be shipped may be picked when full grown, 
if the characteristic color of ripeness has begun to develop. Little 
color is added after piclcing time. Japanese plums, on the other 
hand, will gain considerable color after picking, and for that reason 
can be shipped farther tiian they otherwise could. Pinching the 
fruit to detect ripeness is a bad practice. A gentle pressure with 
the soft part of the thumb on the surface of the peach will aid Id 
detecting its maturity. The fruit will give slightly under such 



pressure if it is ready to picit for a distant market All stone fruitf< 
are subject to attack by fruit rot fungus if they are too ripe at the 
time of picking. This disea.4e oftcu attacks plums and cherries 
as well as peaches if the fruit is ripe enough to eat at the time of 
shipment. This makes it necessary to pick the fruit somewhat 
earlier and start it on its way so that it will reach the consumer in 
sound condition. Solid baskets with handles as shown in figure 
222, are good for picking fruit. 

Winter apples are usually not allowed to color up very much 
on the tree before they are picked and stored for sale during the 
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winter. If the weather permits they may be allowed to remain on 
the trees until considerable color is attained, and this is also pos- 
sible if the marketing is to soon follow the picking season. The 
keeping of fruits in cold storage makes it postiible to allow them to 
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crated aa ahown, called "Geortiii carriers." Tbe inferior Endea are marketed in common 
peach bukeU as Bbono on the right. (New Jersey Station.) 

more completely ripen before picking, but when they are taken 
from the storage house they are certain to decay quickly if too 
ripe at storing time. 

As already stated, pears will ripen best off the tree. Gritty 
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lined berr>- buits. (New Jersey Suiion.) 

mineral nmtter or woody tissue forms in the cells of thf fruit and 
the quality is greatly reduced thereby. Pcare are therefore best 
picked as soon as they rejich full size, or have only slightly begun 
to show signs of ripening. The ease with which the fruit stem is 
picked from the spur will indicate the advancement of the fruit. 
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By turning the fruit up, the stem is snapped from the spur at the 
natural joint for separation. 

Pears may be wrapped in paper, stored in boxes and kept in a 
cool, dry cellar. It is important to keep them away from the hght. 
During this period of course they can be shipped long distances 
if desired. Even the soft pears such as Bartlett and Lawrence 
will require a week or two for the final ripening period after pick- 
ing. Such pears as the KeifFer are usually ripened in bulk and may 
be stored for a longer period without damage. 

Grading Fruit for Market. — It is not easy for the beginner to 
determine the grades of fruit. Experience in the work along with 
other graders and pickers will aid materially in fixing the grades 
in mind. Just what makes up the first grade in any kind of fruit 
will be learned accurately by association and handling of the fruit 
itself. The importance of grading to suit the markets where the 
fruit is sold is often not recognized nor well understood by inex- 
perienced growers. Too often fruit is sent to market without 
grading. The first grade will bring a better price if separate from 
the remainder, xind even the second grade fruit will bring as high 
as the mixture would have brought. Thus it is more profitable 
to the fruit man to carefully sort the fruit and sell it in its different 
grades than to **dump*' it all on the market together (Fig. 223). 

Packing for Market. — As the sorting is done the fruit is packed 
in receptacles in which it is to be sold. The so-called * 'gift pack- 
age" is commonly found for all kinds of fruits. Comparatively 
few fruits are now marketed in other ways. Special baskets (Fig. 
224 and 225) are used for peaches and plums. Some of these are 
also occasionally used for apples, but more conunonly apples are 
packed in boxes holding approximately one bushel. The use of 
barrels for marketing apples is still quite common in the eastern 
and southern states, and here we find an exception to the use of 
the **gift package" in marketing the crop. Usually berries are 
packed in their own quart or pint boxes and these are regularly 
placed in crates, the whole being shipped by express or in refrig- 
erator cars by freight. The crates and boxes (Figs. 226 and 227) 
are not returned, but are delivered to the consumer. 

Special methods are used in packing any one kind of fruit in 
its own type of package. For example, in apple boxes the layers 
of apples are placed mainly according to fixed rules of practice 
and the rows are arranged in certain fixed ways under each system. 
The size of the fruit often governs the system in this regard. In 
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barrels, apples are placed so as to present an attractive appearance 
when either end of the barrel Is opened. A layer of fruit of uni- 
form Bize is placed at the lower end of the barrel, and then the 
barrel is filled with the graded fruit until within about two layers 
of the top. The fruit is well shaken down and the final layers are 
regularly placed with the stems upwards. After covering this with 
the heading paper and the barrel head, the latter is forced into 
place by use of a lever which presses the fruit slightly and prevents 
bruising when the barrels are handled. 

Judging Fniit.^ — The following score cards should be used by 

Fra. 2ZS. Fio. 227. 



Fio. 2M.— The pMch gto- 
h«reatiowD. The openlot he 

a. 227.— A ■tonnwm [or fruj 



growers preparing fruit for market and for exhibition. The 
same score is also used in jud^ng fruit at shows. 

Soore Cards for AppUe, PtTtm», and Peaches 

Apples. Pluma. PoKhes, 

Form 15 points. 



Color 

Uniformity 

Quality 

Freedom from blemishes. . 



The form should be smooth, regular, and typical of the variety. 
The size indicates good culture and should be moderate to 
large, but not overgrown. 
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The color should be as bright and high as is typical of the 
variety. 

Uniformity relates to the specimens in the collection, whether 
on plates, in boxes, in baskets, in barrels, or in cartons. 

Quality includes both texture and flavor, and these should be 
true to the variety. If specimens are true to variety in other 
respects the quality is not questioned and the fruit is not tasted. 

Freedom from blemish is very important. Fruit is often re- 
jected for bruises, diseases, or insect marks. Perfect specimens 
should be selected for exhibition. 

FIELD AND LABORATORY EXERCISES 

1. Nursery Trees. — Compare the structure of one-year-old and two- 
year-old apple trees at time of planting. Note in the two-year-old trees 
what part of the top was produced during the second season of growth in 
the nursery. 

2. Tree Growth. — Study older trees in the orchard and determine the 
amount of top each season. 

3. Pruning Young Trees. — ^With pruning shears or pruning knife prac- 
tice pruning young peach trees or young apple trees, applvmg the prin- 
ciples of pruning as studied in the text. Older trees should also be 
practiced upon. 

4. The Next Fruit Crop. — ^Examine a young peach tree in the winter 
season and determine, if possible, the approximate number of fruit buds the 
tree is bearing. The difference in structure between fruit buds and leaf buds 
will soon be recognized. 

5. Fruit Spurs. — Apple and pear trees should be surveyed for their fhiit 
spurs, and observations made regarding their probable fruit production the 
ensuing season. 

6. Winter Elxlling of Buds. — ^After severe winter weather, if there be danger 
of killing of fruit buds, learn to determine what buds are still alive and 
what ones have been killed. A study of a number of these will reveal the dif- 
ferences. 

7. Spraying. — Trv spraying large fruit trees with small hand sprayers 
and thus determine the need of larger machines, and long spray rods. 

8. Harvesting. — Compare good and bad methods of harvesting apples, 
peaches and other fruits. Note the bruised spots followed by rot on fruits 
shaken from the trees. 

9. Degree of Ripeness. — Learn to detect the proper stage of development 
for harvesting such perishable fruit as peaches and plums. Varieties will 
differ in this regard and a httle practice or trial with each variety will help 
to decide the matter in each case. 

10. Varieties of Apples. — Make collections of several varieties of apples 
grown in the locality or found in the local market. Study them as to quality, 
characteristic shapes, color-markings and other points so that each variety 
will be known wherever it is found. 

IL An apple show or other fruit show may be held. This will 
furnish a splendid opportunity for judging of fruits of different kinds. If 
prizes are offered, a number of the less conmion varieties may be brought to 
the exhibit. 
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QUESTIONS 

1. Give directions for starting the young orchard. 

2. Enumerate a number of things to be remembered while pruning. 

3. Give reasons for growing a culture crop between orchard rows. Mention 

some good crops for this. 

4. Make a collection of varieties of apples suited to your region. 

5. Give reasons for careful picking of fruit. 

6. Say what you can regarding the stage of picking for different classes of 

market. 

7. Give reasons for grading fruit for market. 

8. What are the three tyi)es of plums. 

9. Mention bad diseases of the apple orchard. 

10. What is the worst disea.se in the peach orchard? Give its control. 

References. — United States Farmers' Bulletins: 104, Notes on Frost; 
113, The Apple and How to Grow It; 181, Pruning; 404, Irrigation of Or- 
chards; 482, The Pear and How to Grow It" 491, The Small Apple Orchard 
on the General Farm; 538, Sites, Soils and Varieties for Citrus Groves in the 
Gulf States; 539, Propagation of Citrus Trees; 542, Culture, Fertilization 
and Frost Protection of Citrus Groves; 631, 632, 633, Growing Peaches; 
686, The Native Persimmon; 727, Growing Fruit for Home Use in the 
Great Plains Area. 

Productive Orcharding, Sears, Lippincott Co., Philadelphia. Systematic 
Pomology, Waugh. Orange Judd Co., N. Y. Manual of Fruit Growing, Bailey, 
The Macmillan Co., N. Y. The American Peach Orchard, Waugh, Orange 
Judd Co., N. Y. Fruit Harvesting, Storing, and Marketing, Waugh, Orange 
Judd Co., N. Y. 



CHAPTER XXIV 

SMALL FRUITS 

This group includes the raspberry, blackberry, dewberry, 
gooseberry, currant and others which are borne on plants some- 
what bushlike in their habit of growth. These are true bush fruits. 

Strawberries and grapes are less commonly spoken of as small 
fruits, but are sometimes included here. 

Raspberries are of two main types: (1) The true blackcap 
varieties, such as Kansas, Black Diamond, Gregg and others. 
(2) The red and yellow varieties. The red varieties are Cuthbert, 
Miller and Marlboro. A good yellow variety is Golden Queen. 

Blackcap raspberries are chiefly propagated by tip layering, 
as described in an earlier chapter. They grow on any good, well- 
drained loam. They respond well to heavy applications of manure, 
and much well rotted organic matter in the soil is beneficial. The 
berries are borne on shoots arising from canes only one year old. 
As these same canes usually do not bear a crop more than one 
year, they should be removed by pruning them away as soon as 
the crop is picked. New canes are formed each year for the crop 
of the following season. In wet seasons and in fertile soils the new 
canes may make a very rapid growth and should be clipped back 
to cause them to produce more branches, and later form more 
fruit clusters. 

The soil should be well tilled between the rows until late in 
the season. About August or September a cover crop may be 
started in the middles. This should not be sown too close to the 
rows, as it will be difficult to remove the plants the following spring. 
Each spring the winter cover may be turned under or disked under 
as green manure. The rows are usually planted four or five feet 
apart to allow room for tillage. 

Red raspberries send up many suckers and are propagated by 
plowing or digging these up to be used in setting new grounds. 
They may also be propagated by root cuttings. The pruning for 
red raspberries consists chiefly in cutting out the oldest canes 
from each cluster. The highest canes may also be cut back in early 
spring. 

Blackberries are widely grown in America. Good varieties 
22 337 
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are Lawton, Snider, and Eldorado. The fruit ia borne od cane3 
of the precediog year's growth and the old canes are harmful to 
the young onea if not cut away. This should be done as soon as 
the crop is harvested. In middle latitudes where the season is 
long, the bushes may be mowed down with bush books just after 
harvest. A new growth of canes will then be produced to bear 
the next season's crop. This plan prevents a very high growth 
at any time (F^. 228). 

Blackberries ripen later than raspberries (Rg. 229). For thia 
reason tillage must be kept up longer to save moisture necessary 



Fia. 228. — BUckbarrj' biulieii mHy ba kept loir b^ cl»s pnioins (Nsw Immj Sution ) 

for ripening the crop. Otherwise the tillage and annual care are 
similar. 

Gooseberries. — There are several types of gooseberries, but the 
type most commonly grown here originated in America. Common 
varieties of this type are Champion, Downing (Rg. 230), and 
Pearl. A few European varieties are used in America, particu- 
larly on the Pacific coast. Among these may be mentioned Chau- 
tauqua and Industry. Gooseberries may be propagated either by 
cuttings or by mound layering and .stem layering. When grown on 
a commercial scale the bushes, which are set in early sprii^, are 
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pkced in rows about four feet apart to allow for tillage and the 
use of cover crops. Because of the difficulty in removing plants 
from amoi^ the bushes in the rows, it is a good practice to sow 
cow peaa or soy beans in midsummer instead of a cover crop which 
will live through winter. The frost will kill the cow peas or soy 
beans and the dead plants may be worked into the soil the follow- 
ing spring. Pruning consists chiefly in removing the very oldest 
growth, but the stems should be allowed to remain for several 
years. 



Fin. 330. — WbeD black be rriea ripen rsthsr uniformly the Isbot of picking the mod 
la much nduoed but the marknting Huon is shoHeawl. Tbs uniformitr of ripenloE is eov- 
tmtd by th« gisBson, soil Hnd variety. (New Jeraey Station.) 

Cunants are propagated easily by cuttings. In late summer 
cuttings are made from the new growth. These may be set in the 
ground immediately with two or three buds exposed above the 
soil. If put in rows in the garden they Biay be transplanted after 
one full season's growth. In a permanent location they are set 
in rows four feet apart. The soil should be heavy loam, as the roots 
should have a cool situation. There should be some annual tillage 
early in the spring. After that it is well to mulch the soil with 
strawy manure or similar litter to shade it well to hold the mois- 
ture and keep down weeds and grass. The rainfall will leach much 
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of the valuable constituents of the manure into the soil. The fruit 
is borne on stems which are at least one year old. The only prun- 
ing required is to cut away the very oldest stems that show deteri- 
' oration. Cutting away those 
four years old or . more will 
usually keep the bushes thin 
enough. The currant is subject 
to severe attacks of the currant 
worm which eats off the leaves. 
Spraying with Paris green as 
for potatoes will keep this ^i- 
emy in check. 

True currants are of two 
colors — ^red and white, and both 
are of European origin. Good 
red varieties are Cherry (Fig. 
231), Dutch, Fay, Pomona and 
WUder. White Dutch and 
White Grape are good white 
varieties. The red currants are 
chiefly used for making jelly and 
jam. White varieties are less 
popular, but are used for eating 
out of band and cooking as 
sauce. 

Grapes of difEerent varie- 
ties are popular in all parts of 
America. They are used in the 
form of fresh fruit or for cook- 
ing or for the making of jelly 
and unfermented grape juice. 
In the Old World the crop is 
extensively used in the manu- 
facture of wines, but this use is 
less common in America. Our 
F[o, 230 —A twig of the Downing gooee- best Varieties are of American 
irm7Bf«r'VhSatai^'bS^™hl*bJi?i'M wfn bJ origiH. Indeed a lai^e propor- 
resdytopick (New Jersey Btaiion) ^Jq^ of the European gfapes 

are grown on American stocks. This was started a number 
of years ago because of the damage done to the roots of Euro- 
pean grapes by a parasitic enemy known as phylloxera. The 



Flo. 231.— The ohany curiBot la a (svotiw red variety with Urte b«rr<« «nd denae dmwra. 



Fia. Z3Z.— OrapeviiHS at 
■> wina an used. Thia ey: 

ro. (New Jorwy Slaiion.) 
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grapes most used as fresh fruit are of three different colors, all 
origiuating from the same native American species. Concord is 
by far the most popular purple variety. Others of this color are 
Moore's Early and Wordea. Delaware is the most popular red 
variety and is well supplemented by Brighton and Salem. Niagara 
is more grown than any other white variety, but Martha and 
Diamond are also popular. AH grapes of this type are readily 



Fro. 233. — Tha gnpevine sfaould be nil lupportcd to keep the rrop up oil the soil. 
In tiw fint row, posts Hitb rroiB »ins are UKd. Ttis Is the overlieui •}'>l«m. (New Jeney 
StstioD.) 

propagated by cuttings, which are made in the fall after the leaves 
are off, and stored in damp packing material in a cold place over 
winter. In spring, after all danger of frost is over, they are set 
in rows in the nursery or garden with one bud projecting aiwve the 
ground. The rows should be far enough apart to allow of culti- 
vation. After one or perhaps two seasons' growth they may be 
transplanted to the permanent vineyard. 
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There are a number of good ways of supporting the bearing 
vines (Figs. 232 and 233), and the practices regarding pruning 
are quite variable. If the crops are wanted for shade about the 
home grounds the pruning may be very light, but if the crop is 
grown in a vineyard for conamercial purposes the pruning is much 
closer to keep the vines in control and allow the use of smaller 
supports. The fruit is borne from buds of the new growth, but 
must start each spring from buds of the preceding season. If a 
few inch buds are left to start the new growth there will be plenty 
of bearing wood produced for the new crop of fruit. The pruning 
should be done in winter when the ground is frozen, if possible. 
There will then be much less danger of loss of sap by '* bleeding.'* 

Grapes will do well on very light soil, but they will also thrive 
on any well drained rich loam. If good drainage is provided and 
plenty of organic matter is in the soil little fertilizing will be neces- 
sary. Annual tillage should be practiced. 

Grapes for Shows. — Students and growers of grapes should 

have practice in selecting good specimens for exhibition or for 

market windows. The following scale of points will aid in such 

practice. 

Grape Score Card 

Flavor 15 points 

Form of bunch 20 " 

Size of bunch 15 " 

Size of berry 10 " 

Color 10 " 

Firmness 5 " 

Bloom 5 " 

Freedom from blemish 20 " 

Total 100 points 

Strawberries are chiefly propagated by the rooting of runners, 
as described in an earlier chapter. They thrive well on any good 
garden soil, adapting themselves to a wide variation in soil. Set- 
ting the plants in August immediately from propagating beds is a 
very conmion practice. This can be done readily without the loss 
of many plants if the soil is moist and the weather is not too dry 
and hot. The plants may also be set in early spring, but in that 
case they should not be allowed to bear fruit the same season. 
One year's time is really saved by setting the plants in August. 

In selecting plants for strawberry beds, it should be remembered 
that some varieties are called pistillate because they do not have 
enough stamens to pollinate themselves (Fig. 234). Many other 
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varieties have both stamens and pistils in abundance and are called 
perfect varieties. If pistillate varieties are chosen they should be 
set near others which are perfect; otherwise no crop will be pro- 
duced. If plants are purchased the varieties will be listed in the 
catalogues, indicating which are pistillate and which are perfect. 
Bederwood, Clyde, Gandy, Kansas, Parker Earle and Senator are 
good perfect varieties; and Warfieid is one of the best in the 
pistillate group. 

Plants are set according to two or three different plans. The 
hedge-row system (Fig. 235) is common among growers wishing 
to produce large crops of superior fruit for special markets. The 
plant.s are set in rows about three feet apart with the plants about 
twelve to eighteen inches apart in the rows. Runnera are not 
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allowed to take root outside the row, but a few are allowed to 
grow in the rows. Many runners have to be cut off during the 
early part of each summer. This is quickly done with wheel cutters 
run by hand. Thorough cultivation is practiced between the rows 
each year after the crop b picked and is continued until winter. 
When the ground freezes the vines are covered with litter such as 
clean wild hay, straw, or leaves. This winter mulch is opened along; 
the rows in the spring after danger of heavy frost is over. Between 
the rows the mulch may be left until the crop is harvested. Dur- 
ing that time it will help to keep down weeds, save the moisture 
and prevent suffering from drought, and will keep the berries 
clean (Fig. 236). 

The vines are then mowed down and raked off with the mulch 
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[ KBUDQ a over. Tta 7»lue in piol«cting the berrieft fmn tbe Aoit is hen ohon 
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and burned or put in a compost for use in other fields. This 
destroys the leaf spot disease and various forms of insect life. 
The hill-row system is very similar to the hedge-row system. 



Flo. 237.— Th< mntted-rowa 
gtouod by pniuiDi oB the aida run: 



except that no runners are allowed to set in the rows after the 
plants are set. Each hill becomes a very large clump of stems and 



Fio 23fl. — StudcDti itudyinE the metbodB oF giT>win« itrawbarrigt. 

leaves, producing the vines and fruit and bearing heavily. Thb 
method requires more labor because of the difficulty of cutting 
o£E the runners from all sides of each plant. 

The inattcd-row system (Fig. 237) is the oldest and in some 
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Sections still most common. The rows are first set about four or 
five feet apart and the runners are given freedom until they cover 
a strip two or three feet wide, or perhaps the whole area. Mulch- 
ing is less common in this practice, and tillage, if given, is much 
more difficult. A modification of the plan is to leave narrow strips 
which are cultivated once a year. Most of the weeding has to be 
done by hand pulling, and if grass gets started it is difficult to 
control. 

In any of the systems of planting, strawberries are usually 
not profitable after bearing two good crops. Sometimes they are 
kept for a third crop before plowing under. New beds should be 
started each year if the best results are desired. 

FIELD AND LABORATORY EXERCISES 

1. Practice pruning, care and management of various kinds of bush fruits. 

2. Systems of Growing Strawberries. — Grow strawl[)erries by the matted- 
row system and the hedge-row system. Do this at home, if possible. Com- 
pare the results in yield, size of fruit, cleanliness of fruit, market value, ease 
of picking, ease of cultivation and other points. 

3. Study marlcet conditions when berries are in the market. Make a list 
of varieties grown, methods of preparing for market, length of time elapsing 
from picking to consumption. 

4. PoUen for Pistillate Strawberries. — By inquiry or visitation (Fig. 238) 
determine the plans usually followed by growers of strawberries rega^ng the 
mixing of pistillate and perfect varieties. How many rows of each type are 
set before setting the other? 

5. Local Growth of Small Fruits. — Compare the acreages of the various 
small fruits as grown in your vicinity. Explain, if possible, why the acreage 
is so small. 

QUESTIONS 

1. Give directions for the growing of raspberries. 

2. What varieties of grapes are grown in your section? 

3. What systems of training grapes have you seen? 

4. Compare the hedge-row system with the matted-row system of growing 

strawberries. 

5. Give the stage of harvesting for each of the small fruits. 

6. Which ones of the small fruits grow wild in your vicinity? 

7. What influence, if any, does this have upon the sale of cultivated varieties 

of the same kind? 

References. — United States Farmers' Bulletins: 154, The Home Fruit 
Garden: Preparation and Care; 156, The Home Vineyard, with Special Refer- 
ence to Northern Conditions; 176, Cranberry Culture; 178, Insects Injurious 
to Cranberry Culture; 181. Pruning; 198, Strawl)erries; 20S, Varieties of 
Fruits Recommended for Planting; 213, Rasplxirries ; 293, The Use of Fruit 
as Food; 471, Grape I^opagation, Pruning and Training; 643, Blackl^ernk"^ 
Culture; 664, Strawberry Growing in the South; 709, Muscadine Grapes; 
728, Dewberry Culture. 

U. S. Department Bulletin 349 — ^The Raisin Industry. R. I. Exp. Sta. 
Bui. 91, Bush Fruits. Mass. Sta. Bd. of Agr., Bui. 4, Small Fruits and Berries. 



CHAPTER XXV 
PRODUCTS OF THE FOREST AND WOOD LOT 

''If thou art worn and hard beset 
With sorrows that thou wouldst forget, 
If thou would read a lesson that wiU keep 
Thy heart from fainting and thy soul from sleep, 
Go to the woods and huls! No tears 
Dim the sweet look that nature wears." 

— H. W. IX)NGFELLOW. 

It is natural for us to think of lumber, rejlroad ties, telegraph 
and telephone poles, fence posts and fuel as among the chief forest 
products. The early pioneers in forested districts have considered 
the greatest forest product as being the rich soil which is left after 
the forest is cleared away. The rich black soil, or leaf mold, formed 
from the decay of forest leaves, twigs, branches and trunks for 
ages past, was the great source of wealth left to the pioneer when he 
destroyed the forest. This soil was so valuable and so greatly appre- 
ciated by settlers that it was several centuries before the prairie 
areas outside the timber belts were settled and used for farming. 

There are many other articles used by man obtained from forest 
trees. A suggestive list is given by Prof. Jackson in United States 
Farmers' Bulletin 468, as follows: 

**Food products, such as the nuts and fruits of forest trees; 
maple sugar and syrup. 

"Medicinal products, such as quinine from cinchona, salicin 
from willow bark, oil of sassafras from sassafras bark, etc. 

''Small household articles, as matches, toothpicks, clothes- 
pins, pencils, penholders, tool handles, wooden baskets, shoe pegs, 
and wooden dishes. 

**Oils, such as eucalyptus oil, beechnut oil, olive oil, etc. 

"The products of wood distillation, as wood alcohol, acetates, 
wood tar, and common potash from wood ashes. 

"Naval stores and their related products, such as turpentine, 
rosin, creosote, and pitch. 

"Miscellaneous products, such as cork, tannic acid, charcoal, 
spruce gum, lamp-black, excelsior, etc." 

The Value of Wood. — It is difficult for us to realize the 

immense value of wood because it is so easily accessible. The early 

settlers of America thought of the forest as an enemy to their 

progress. The wood had to be cleared from the land and burned 

348 
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to make room for crops. It was a laborious task to remove the 
stumps. The change in this feelii^ toward our native forests has 
come only recently. We are now beginning to feel the need of 
saving our forests and to grow more trees in forest areas. Many 
states of the Union establish schools of forestry and have laws 
and officers for the protection of forest growth. The United States 
government, through it.s Forest Service, makes strenuous efforts to 
preserve the native growth of large forest reservations (Fig. 239). 



To fully appreciate the real importance of the value of wood in 
commerce and manufacture, we need only to visit a land where 
wood is not abundant, or where it is not found at all. The natives 
and settlers of Greenland havo little or no wood to use. The im- 
mense value of a piece of wood to them is shown when they offer 
to trade for a small bit of wood almont an equal amount of ivory. 
They will trade the most co.'^tly furs for wood from other countries. 
They want wood for making sledges and for other articles requiring 
limited amounts of wood. 
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Id the United States we are already coming to deplore the lack 
of many valuable woods which can now be secured only in linaited 
quantities. White pine, (Fig. 240) which is the most valuable 
for building purposes of all our native woods, formerly occupied 
the great belt along the northern tier of states as far west as Min< 
nesota. This species is now so nearly exhausted that substitution 
of very inferior grades of wood is necessary. Hemlock and spruce 
(Figs. 241, 242, 243 and 244) help fill this gap, and the yellow 
pines of the South are more in demand. Many of the hard 
woods which were formerly used 
in the manufacture of imple- 
ments of many kinds are so 
nearly gone that they are 
replaced by iron. This change 
is so marked as to cause the 
present time to l^e spoken of 
as the "iron ago." 

Timber for telegraph and 
telephone poles is becoming so 
scarce that already companies 
are beginning to use steel and 
concrete poles. Fence posts are 
sometimes made of concrete or 
steel as a substitute for wood. 
Railroad companies are using 
preservatives to lengthen the 
life of railroad ties, and substi- 
tutes for wood are being tried. 
Building materials of other 

kinds are being used more and Fm. 244.— Norway spmc^ n uKd more 
more for exterior structures, Ipruc^f™"IJhirh'''^S5i^™'^t"iB''grow°n''rn 
becai^e of the rapidly increas- Sn™'ahSd''iS^i^>'inH.''con™i.ninw'jlJnd'i!^ 
ing price of lumber. '""" ''"■"^''m. 

Use and Abuse of Forests. — The most notable new 
use for wood is the manufacture of paper. Several species of wood 
are extensively used in the manufacture of wood pulp to be made 
into several products, chiefly paper (Pig. 24.5). So rapid has been 
the cutting for this purpose that trees are cut when very small. 
As the supply l^ecomes less, smaller trees are used, so that trees 
too small for use as lumber are used by pulp mills. When the forest 
is cut so close as to use small saplings, reforestation by natural 
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means ia prevented (Fig. 246). Seed bearing trees are destroyed 
aad nothing is left to replace the cut timber. MaMng of paper 
from wood is legitimate and necessary, but plans should be 
devised whereby the reproduction of valuable trees may continue 
and the forest may be pennanent. About one-third of the area of 
the United States is classified as "forested." If our present forests 
could be properly cared for they would be a permanent resource. 
The present alarming destruction of forests is not so much a 
result of their proper use for lumber, as the many wastes arising 
from several cau-ses: (1) Forest fires; (2) destruction by insects 
and fungous diseases, due to improper management; (3) too close 
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cutting, which destroys trees of seed bearing age ; (4) destruction 
of trees too small to be of commercial value when cutting lance 
trees; (5) tbe waste of parts not immediately useful to those who 
are cutting for special purposes; millions of trees are cut for 
tanbark and the trees allowed to rot or are burned. 

Preventing Waste. — All citizens owning or living near wooded 
areas can aid mat«rially in preventing forest fires. They should 
cooperate with the United States and state authorities by posting 
up fresh legal notices warning hunt«rs and campers against forest 
fires. When fires and storms have devastated wooded areas they 
should often be replanted with seeds or seedlings. 

Forest insects and diseases may be largely controlled by re- 
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mov&l of trimmings when trees are cut. Trees daroaged by storm 
should be harvested, as insects often attack such weak or dying 
trees and thus make a place from which to spread to live trees. 

Seed trees should always be left if the area is to be a perma- 
nent forest. This need not reduce the value of the harvest. Trees 
which are of little value for lumber or poles may be left for this 
purpose. 

When large trees are felled it should be done in such a way as 
to avoid the destruction of saplings, as these should be left to take 
the place of the trees being harvested. The methods in use in the 



government forests of Germany could well be followed by the 
American lumbermen and woodsmen. 

Forestry and Agriculture, — The farmer is as much or 
more interested in fore-stry as any one else. The destruction 
of forests brings on floods followed by droughts. In many agri- 
cultural sections of the country the forest area 'ta so limited that 
the water from heavy rainfall is not checked, but rushes in great 
torrents to the fields, valleys and water courses carr>'ing with it 
destruction of crops and <leviistation of homes.' As soon as the 
water is gone the free water table of the soil is rapidly lowered and 
crops suffer from dnmght. Formerly the dense mass of leaves 
and growth on the "forest floor" held the water from heavy rains 
23 
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like a sponge or blotter will hold the water poured on it from a glass. 
The escape of water from this forest floor was gradual, so that no 
floods occurred. The water escaped gradually and supplied free 
water for the subsoils of the surrounding fields. The effect of 
long periods of dry weather was much less serious; stream flow 
was more uniform at all seasons; springs were more permanent and 
pastures were well supplied with water for stock where now it 
must be pumped. The flow in wells is regulated by forests. Wells 
that were supplied with an abundance of good water go dry a 
part of each year after nearby forests are destroyed. 

The actual loss of soil from erosion is often due to the removal 
of forests from the hills above. Many areas which were once con- 
sidered useful fields for raising crops become so badly washed and 
gullied that they must be abandoned. In many cases the best 
remedy is to reclothe them with forest growth. 

It is needless to say that the farmer is economically interested 
in forestry because it will supply him with better and longer fence 
posts, lumber and fuel. 

Growing the Crop on the Farm. — In the more humid 
regions of America, and where the land is not in the form 
of a perfect floor, there are often rough lands which could be more 
profitably used for timber than for other farm crops. The great 
advance in prices paid for good posts, poles, railroad ties, and lum- 
ber will warrant the growth of a farm woodlot as a farm crop. The 
wood lot may also furnish to the grower his own supply of fuel and 
perhaps leave some for sale each year. At present the income from 
such wood lots in the United States is greater than from the sale 
of any other single farm crop, except com. As land is used for 
this purpose that would otherwise be wasted, the profit from such 
sales is usually much greater in proportion to the income than for 
other crops. Eroding hillsides should be used for trees. Rough, 
strong land, whether high or low, is found better for trees than for 
other crops. Low, wet lands may be used for certain species of 
trees when drainage would be too expensive. 

High knolls, where the surface soil has become too thin to 
yield good returns from field crops, may prove to be good soils 
for the production of locust posts and other wood products. On 
many farms in all Sections the areas along ravines and streams are 
already well supplied with natural mixed growth. Proper care 
and management will aid nature in making areas far more 
profitable. 
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Using Good Farm Land. — Whether land well suited to 
the raising of farm crops should ever be planted with forest trees 
or not must be decided by the owner. In cases where this is done 
it is best to plant the trees in groves rather than in narrow lines 
as fence rows. Where windbreaks are much needed it is better to 
plant wide shelter belts than narrow rows. The trees themselves 
will be of better form and the wasted strip along the side of the 
line of trees will be less in proportion to the number of trees pro- 
duced. Field crops usually do not grow close to the line of trees 
because of the drying influence of the trees. This waste area can 
be much reduced by using trees with tap-roots at the edge of the 
shelter belt or grove. Another method of reducing the waste is 
to open a deep furrow or trench close up to the trees on the side 
next to the field crop. This will cut the shallow, lateral roots 
which tend to draw moisture from the adjoining field. The ditch 
can be closed and perhaps not opened again for several years. 
In some states it becomes more profitable to use good agricultural 
land for trees because the tax on such land is remitted by state 
law when it is devoted to forestry. The land near the farm build- 
ings, although the most valuable on the farm, should be early de- 
voted to either fruit trees or forest or both. A grove planted near 
the buildings will not only serve as a good windbreak for livestock 
and man at all times, but will often prevent much damage from 
severe storms. It will serve as suitable shelter for stock taking 
exercise during the winter. It may be so planted as to add beauty 
to the farm. It is an admirable place to be used for poultry 
runs. Grazing animals should not be allowed to destroy the young 
growth in the woodlot during the growing season. Seedlings and 
other young growth should be allowed to start and be ready to 
replace the mature timber as it is harvested. 

Trees Along Fences and Roads. — Trees planted along roads 
should not be thought of as productive of crops. As they blow 
down or become aged they may be useful as wood, but usually 
they yield no other valuable product to the owner. When broken 
by wind they should be pruned (Fig. 247). For sesthetic reasons 
they may be very useful. They are sometimes objected to by 
road engineers if they cause the roads to remain muddy long after 
the rainy season, or if they cause snow to accumulate in drifts 
across the road. 

Trees and undergrowth along fences are usually not profitable 
to the owner. If they are pasture lands they may furnish suitable 
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shade for grazing stock, but along other fields they are usually 
objectionable. The trees are unshapely from the forester's point 
of view and the adjoining crops will often suffer because of the 
trees. If windbreaks are needed the fence row may be the best 
place to have the line of trees. 

How and What to Plant — In many sections of the country 
nature will be a good guide in deciding what varieties of 
trees should be used in the farm wood lot. Perhaps some of the 
best species that have been entirely destroyed by the hand of man 
would be the most profitable for replanting. This is true in many 
parts of the white pine belt. Very few trees are more profitable 
than white pine in the region where it was once native. A tew 
species, such as the chestnut, have been made unprofitable be- 
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cause of certain diseases or insects, although the chestnut disease 
has not destroyed that species throughout the country, but the 
possibility of the spread of the disease makes its growth uncertain. 
Black walnut grows reasonably fast and the price paid for the 
wood makes the profit very grt^iit. Short-lived trees, if used at all, 
should l)e mixed with more p<irmanpnt trees. A few very rapidly 
growing trees also produce very superior wood. The hardy catalpa, 
for example, makes a quick growth, yielding returns in a few 
years. The wood is very <Iurahle and is used for many purposes, 
such as cabinet work, furniture, and farm posts. Among the tap- 
rooted trees, suitable for the borders near field crops, may be 
mentioned hickories, walnut, butternut, hardy catalpa, chestnut 
and locust. 
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Forest trees are propagated in large quaatities from seed, and 
ean usually be obtained from forest nurseries at very reasonable 
prices (Fig. 248). 

Trees should be set close enough tt^ether so that side branches 
will be formed chiefly Dear their tops. Tall, slender trees are more 
suitable for most purposes than branched trees. With many 
species the distance apart should not be less than four feet, nor 
more than six or e^ht feet. If the wood lot is to be started on 
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valuable farm land, the rows may be far enough apart to allow 
intercropping with other prodm:t3 for several years. 

There are a number of advantages derived from having the 
wood lot made up of a mixed planting rather than of one species. 
(See Productive Farming). 

In rough areiis, where the soil cannot In- prepared by plowing 
or other tillage, wa.ste or useless brush or brush growth may be 
mowed away and the planting of young seedlings may be done with 
grubbing boes. A small area may be cleared for the seedlii^ 
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Vigorous species may be merely set in boles made with & grubbing 
hoe. Areas which are already naturally partly wooded with good 
species may need additional planting in the open or thinner places. 
This must be done by band and the spade or grubbing hoe should 
be used. 

Management aad Harvest. — Some of the crop from the 
wood lot will be ready to harvest much sooner than many are 
likely to expect. Where much of the forest is planted by nature, 
there will be considerable thinning of leaning or otherwise poor 
growth. The growth from green stumps, called coppice growth, 



will usually be too crowded and must be thinned. Storms will 
make some cutting necessary. 

The early harvest of young timber may be useful as fuel ; some 
can be used (or barrel hoops ; some for broom, hoe and rake handles, 
and some for rustic seats and other furniture. 

In any plantation, whether planted by nature or by man, 
attention must be given to the harvesting of sickly, injured, or 
mature trees before they are seriously attacked by bark beetles 
or other forest insects. This will prevent the rapid multiplication 
of the insects and help to save the healthy trees. 

The experienced woodsman will soon learn to study the loca- 
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tions of uld and yuuiiK trees and can determine what young 
fuowth must be saved to renew the forest when the ripe trees are 
harvested (Fig. 249). 

Forest fires are much less destructive and are easier to control 
when the waste trimmings are piled and burned. 

Maple Sugar Products. — The sugar maple is a native in the 
northern and northeastern states and far into Canada. It supplies 
two important products found in our markets — maple sugar and 
maple syrup. A maple woods is commonly spoken of as a ' 'sugar 
orchard." In the spring al>out the time of the melting of the ta^t 



snow, and as the frost is leaving th(! ground, the sap of the tree 
begins to flow rapidly. During this period if the tree is tapped, a 
considerable quantity of the flowing sap may lie drained from the 
tree and caught in buckets (Fig. 250). This sap is very waterj' 
and must be boiled down to make it usable as syrup. The boiling 
is usually done in open vnta to allow of rapid evaporation. When 
of the right density the syrup may l)e strained and put in cans for 
market. The gallon size of can is generally usctl. If the boiling 
process is carried beyond the syrup stage, it becomes sugar when 
cooled (Fig. 251). This is usually molde<l in cakes to suit the 
various markets or the fancy of the producer. 



WALNUTS 361 

CULTURE OF NUTS 

There are a number of the native nut trees found in America, 
and there is evidence that the ancient mound-builders who lived 
in America before the Indians made use of the nuts as food. Be- 
sides the native species there are a number of others introduced 
from the old world. Not until recently were the native nuts im- 
proved or brought under cultivation, but at present many orchards 
of both native and foreign nuts have been started and are main- 
tained with profit. 

Walnuts. — The so-called English walnut is really a Persian 
walnut, belonging to the species Juglans regia. This is perhaps 
the most popular walnut in the American markets. It is grown 
extensively on the Pacific coast, especially in southern California. 
There is little difficulty in its care and management, but the trees 
sometimes fail to set fruit because of insufficient pollination. 
When trees are isolated they are less likely to bear a crop. It is 
probably for this reason that the trees found throughout the 
eastern states southward from Washington are seldom known to 
b«ar full crops, but where real orchards are planted they are more 
successful. 

The trees have deep tap roots and thrive well in soil composed 
of deep loam underlaid with gravel, or with clay if not too hard. 

The trees are commonly propagated by seeds, but a few named 
varieties are recognized, and these are propagated either by graft- 
ing or budding. 

The distance between trees in the orchard is forty feet or more. 
The distance should be increased in very rich soil as the trees will 
become much larger. In commercial orchards clean tillage is 
given at least until bearing of the first crop. Intercropping with 
crops that require cultivation is advisable and will insure sufficient 
tillage of the orchard. As the trees advance in age, the area is 
often seeded to grass which may be used for grazing purposes. 
The trees are seldom pruned except at the time of setting the 
orchard, when they are caused to form their heads at a suitable 
height of about four feet from the ground. 

There are two native walnuts found in our markets, Juglans 
nigra or black walnut, and J. cinerea, or butternut. These are 
grown in much the same way as the English walnut, but there 
are fewer commercial orchards of these species. These are both 
hardier than the English walnut and are consequently grown far- 
ther north, being found in the northern states and Canada. 
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Hickory Nuts. — (Fi(^. 252 and 253). One of the most popular 
native nuts is the hickory nut. There are several recognised 
species and varieties of this, but those most highly prized on tbe 
market belonR to the shellbark hickory, known as Carya aiba, 
and C. sulcata. The range of C. alba is from New England to 
Minnesota, south to Florida and Texas, C. sulcata being more 
limited than this. These are sometimes designated as the "sweet 
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hickory nuts," in contrast to the others, which are slightly bitter. 
Tlie varieties differ from each other in size, thickness of shell, 
time of maturing and climate in which they grow naturally. As 
yet few of those are grown under cultivation, and then not on a 
commercial scale. They are chiefly propagated by seeds. They 
come rather true to type, and grafting or budding is yet seldom 
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The Pecan is & native of the gulf states, but some are found 
wild as far north as Illinois and Iowa in the Mississippi Valley. 
It is of the same genus as the hickory. The southern varieties 
are more popular because of their thin shells. It is these which 
are chiefly used in commercial plantations. 

They are commonly propagated by seeds, but grafted and 
budded varieties are much pre- 
ferred because of the certainty as 
to the character of the crop pro- 
duced. A uniform product is ob- 
tained from an orchard started from 
budded trees, while the crop from 
seedling orchards varies widely in 
the thickness of shells, size of nuts, 
and flavor. The grafting operation 
is not always successful, and for 
this reason the trees grown on graft- 
ed or budded stocks are rather ex- 
pensive. The stocks used are grown 
from seeds and arts usually budded 
near the ground. 

In rich soil the trees attain a 
spread of fifty feet or more and 
should be given this distance at least 
when planting the orchard. Oops 
are grown between the rows for the 
first eight or ten years so that some 
return may be obtaineti from the 
land while waiting for the bearing 
to begin. 

Chestnuts.— (Fig. 254). While 
native chestnuts are found on the , Fio.isa.— lUrkorynut.vBrygreBt- 
market and are desired for their rich ot mi'ni'^'Tbiri>^™h'ou'i/bi mIitTch "Z 
flavor, it is the foreign varieties "*"""«■ 

which are chiefly used and which are grown commercially. Native 
chestnuts are found throughout the eastern states and southern 
Canada. Much of this region, however, has been devastated by 
a disease called the "chestnuc blight" which has wiped out the 
native trees. Improved varieties of the native sorts are being 
established. The Paragon chestnut is the most prominent variety 
of the European species. The Ridgely is also grown in nurseries 
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for sale to orchards. Some Japanese varieties are also grown. 
These are propagated as in the case of other improved varieties by 
bark-rafting and clef fr-graf ting. 

Grafted trees are placed about forty feet apart in orchards 
and intercropping systems are adopted for a number of years 
when permanent grass is usually started. 

Almonds. — Cultivated almonds were 

nmercially grown in California long 

'ore the culture of other kinds of nut^s. 

the irrigated regions of the mountain 

rtes from New Mexico to Idaho, the 

ip is now commercially grown. 

The almond is a relative of the 

ich.and its culture is similar. The 

es blossom very early in spring and 

'. likely to be killed by late spring 

sts. This requires that care be taken 

place the orchards in situations well 

no BM.-'The opening oi a h"'>vided with air drainage. 

fhsmnut but." Th* nativo nuiB CocOBButs are grown in the warmer 

■re m number of tiw larger Foreign parts of Florida wherc the cHmate is 

i^ acTa^ nktivB'BiKcie*. ^The moist. Gfoves of Several thousand trees 

r^KU*''bu'i''X"Si>i"°lnd''KM are found near Biscayne Bay and in the 

manv uses. Vicinity of Lake Worth and Cape Sable, 

Florida. The trees are started from seed and begin bearing as 

young as six or eight years from time of planting. 

Other nuts are grown either wild or cultivated less extensively 
than those treated here. Under tlie head of ' 'Nuts," the Standard 
Cyclopedia of Horticulture gives a list of more than 250 different 
kinds, most of which represent different species. These are not 
all used for home food and some are not at all edible. 
FIELD AlfD LABORATORY EXERCISES 

1. Collecting Forest Products. — It would \>e interesting to make up a 
collection showing most of the forest products as mentioned in Farmcra' Bul- 
letin 468, quoted in this chapter. 

2. Visit a wood lot or forest and study ihe wastes as usually allo»-ed— 
fallen trees, deeaying wood, deal ruction by Ijeetles, damage by fires, and others. 

- 3. Depth of Forest Carpet. — In a woods of old trees, examine the "foicst 
carpet" of leaves, twi)^, leaf mold and undergrowth. 

4. How Forests Prevent Floods. — On a large board or small table top. 
place a. desk blotter or flannel cloth aliout two foot square. Tip the board or 
table at an angle of about 4-5 degrees and pour on it near the upper edge a glasB 
of water. Note how well the blotter absorls and holds the water. Now 
remove the blotter from the table and pour on another glass of water and see 
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how quickly the water runs ofif from the hard surface still tipped at the same 
angle as before. Compare the results in the two trials with a hillside once 
clothed with a forest carpet and now made bare bv burning or clearing. What 
is the effect of a forest carpet on springs and wells in the vicinity? 

5. Saving Forest Monarchs for Reseeding. — Near some of the laree 
seed-bearing trees, such as oaks, maples, white pines or others, study the 
distribution of seeds and the growth of young seedling. Of what value is the 
practice of leavingsuch old trees standing when the mam forest is first cut over? 

6. Selecting Forest Areas. — In a rough, hilly country, examine several 
farms and estimate number of acres on each suitable for forest growth. Deter- 
mine, if possible, why all areas that should be planted to forests are not so used. 

7. Trees to Plant. — Make a list of trees of the region which would be 
suitable for use in forests. Which ones are considered best for lumber? Which 
for poles? Which for railroad ties? 

8. Choosing Trees to Harvest — In a woods which may be kept perma- 
nently as a forest, indicate by tying a strip of white rag on trees which may 
be cut for harvest during the next winter season. Then with strips of another 
color mark those to be cut the next winter, and then mark those to be cut the 
third winter. Be prepared to give reasons for your choice of what trees to 
harvest at each time. 

QUESTIONS 

1. Give at least one forest product in each class outUned in this chapter. 

2. By inquiring of older citizens, find how prices have increased for railroad 

ties, telephone poles, luml)er, and other forest products. 

3. Give the cnief causes of wastes in forests and woodlots. 

4. Suggest methods of preventing wastes. 

5. Show the farmers' interest in forestry. 

6. What kinds of places are best suited for the farm wood lot? Why use 

waste lands? 

7. Where should shelter belts be planted? 

8. Enumerate their uses. 

9. Give some suggestions as to what kinds of trees to plant. 

10. Describe the making of maple syrup and sugar. 

11. Discuss the growing of walnuts. 

12. Give directions for setting a pecan orchard. 

13. What effect will the chestnut disease have on the planting of chestnut 

groves? 

14. Where are cocoanuts grown in the United States? 

References. — United States Farmers' Bulletins: 09, Insect Enemies of 
Shade Trees; 173, Primer of Forestry, Part I: The Forest; 228, Forest Plant- 
ing and Farm Management; 252, Maple Sugar; 332, Nuts and Their Uses as 
Food; 358. Primer of Forestry, Part II: Practical Forestry; 423, Forest 
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CHAPTER XXVI 
TOBACCO 

It is a great mortification to the vanity of man that his utmost art and in- 
dustry can never equal the meanest of nature's productions either for beauty 
or value. — Hubae. 

Three of the eight leading field crops of the United States 
are natives of the New World — com stands first in the list, Irish 
potatoes sixth, and tobacco eighth. The annual crop of raw 
tobacco is valued at about seventy-five million dollars. The 
internal revenue on manufactured tobacco, including cigars and 
cigarettes, is more than double this amount, but this includes the 
tax on imported tobacco. 

In the early Colonial days of Virginia and Maryland this was 
an important article of conmierce. It was used in place of 
money in exchange for both foreign and domestic articles. It 
was used by the North American Indians for smoking and in 
South America as snuff and for chewing. Its introduction into 
countries of the Old World for all these purposes wae very rapid. 
The stems are used in making insecticides and as fertilizers. 

Its use by human beings depends upon the presence of a seda- 
tive principle, chiefly the narcotic alkaloid nicotine, which has a 
quieting effect upon the nerves. In this class of sedative plants 
may be mentioned the opium poppy, used chiefly for smoking, 
and the betel-nut, of the palm family, used for chewing. Although 
nicotine is a poison, the tobacco leaves containing the largest 
percentage of it are considered the best. This is partly due to 
the fact that such leaves are also the largest and firmest. 

Kentucky is now the leading state in the growth of tobacco, 
producing over one-third of the American crop. Other important 
tobacco states are North Carolina, Virginia, Ohio, Wisconsin, 
Tennessee, Pennsylvania, Connecticut and Maryland. 

Soils for Tobacco. — There are several types of tobacco, each 
to be used for a different purpose, as for wrappers, for binders, for 
fillers, for chewing, for pipe smoking, for export, etc. The quality 
of the tobacco grown for any special purpose is greatly influenced 
by the soil as well as by the weather and general climatic conditions. 
As the market price depends very largely upon the odor and 
366 
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flavor, much attention must be given to the soil as well as to the 
variety and to the curing processes. 

Light loams as a rule give best results, but tobacco of dif- 
ferent grades is grown on a wide range of soils, varying from 
sandy loams to very heavy loams. If the soil be loose and open 
and the subsoil heavy the moisture conditions are likely to be 
most favorable for producing a steady, continuous growth. It is 
proverbial among growers to say that * 'tobacco is hard on the 
land," and much fertiUzing is necessary to keep up the fertility 
of the soil. 

For the tobacco grower the use of proper fertilizers is as im- 
portant as careful selection of soil. Fertilizer must suit the type 
of tobacco to be grown and must be well balanced and contain no 
ingredients which are detrimental to the tobacco leaf. If too 
much phosphate is used it affects the ash of cigars. The grower 
should never use kainit or muriate of potash, but should obtain 
the potash in the sulfate form. For the supply of nitrogen it is 
best to use well-rotted barnyard manure, green manure, or com- 
mercial nitrogen in the organic form, as from dry blood, tankage 
and cottonseed meal. If nitrate of soda is used it should be in 
small amounts. 

The young plants for tobacco fields are first started in seed 
beds and later transplanted to the fields. About two months are 
usually allowed from seeding time to transplanting time. This 
requires some heating and protection of the seed beds in many 
localities. As the transplanting should take place soon after the 
latest spring frost, the beds are started in late winter or very early 
spring. 

Tobacco seed is very fine and to properly sow it in the beds it 
is usually mixed with sand or well sifted ashes to aid in sufficiently 
distributing it. It is covered very lightly and kept well watered. 
The beds are commonly made in the form of long hotbeds, and 
may be covered either with glass or with light muslin. The latter 
may be so arranged that it can be rolled up when the weather is 
warm. When glass is much used care must be exercised to pre- 
vent the "damping off" of the plants, due to bad ventilation and 
excessive heat on warm days. 

In the Field. — As excessive growth of the root system is not 
desired it is usual to practice spring plowing, but if the field be 
plowed in the fall it may be disked very deep in the spring or plowed 
crosswise. The surface soil should be made very fine. If several 
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weeks elapse between spring plowing and the setting of the plants, 
the field should be harrowed several times to warm and air the 
soil ajid kill as many weed seeds as possible by the sprouting 
system. The fertilizer to be used should be mixed at home and 
applied to the field about planting time. 

Plants should be set as soon as the weather conditions arp 
favorable and all danger of frost is past. On all lar^e plantations 
transplanting machines arc used {Fig. 255). They are similar to 
the machines described for the transplanting of sweet potatoes. 
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It is not necessary to mark off the field in rows if planting 
machines are to be used, but if the planting is done by hand the 
marking may be done with furrowing plows, leaving small furrows 
for setting the plants. The rows are usually three to four feet 
apart and the plants one and one-half to two feet apart in the 
rows, the distance depending upon the variety and character of soil. 

Culture. — The depth of early tillage between the rows will 
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depend upon the thoroughness of the preparation before the plants 
were set. Later, shallow cultivation is usually practiced until the 
plants are so large as to be in danger of injury by the process. 
The production of seeds by plants takes from the leaf stem 
much of its value and size. For this reason topping or cutting off 
the blossom stems is necessary. The skilful grower learns the 
proper stage at which to do this work. Under certain conditions 



suckers may develop in the angles of the leaves from the main 
stem as a result of the topping. The continued growth of suckers 
will reduce the growth of valuable leaves. It is often necessary 
to go through a field a number of times, not only to cut flower 
stems, but to remove the suckers. 

It is a good plan to select a few good plants in the fields for 
production of seed (Fig. 256). On these the flower stems are not 
removed, and the grower will thus produce his own improved seed 
from plants well suited to his own soil. 

Harvestii^ and Curing.^ — Toward the end of the season as the 
leaves mature the plants are cut by hand and taken on racks (Fig, 
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257) to curing sheds or tobacco bams. The grower learns to detect 
carefully the proper stage at which to harvest the crop. The 
curing and the manner of subsequent handling of the crop depend 
upon the type of tobacco and the use for which it is intended (Fig. 
258). In some cases the large wrapper leaves are strung on racks 
singly, being detached from the stem. Curing must be done with- 
out causing mold or other fungous growth. Curing bams are 
provided with numerous ventilators for the removal of moisture 
from the leaves. The grower must give careful attention to the 
ventilation, keeping out the air when the weather is wet and 
allowing free access when the air is drier. Artificial heat is seldom 
necessary, but is often used. This is usually produced by the 
burning of charcoal in small sheet-iron stoves. The color is likely 
to be affected if artificial heat is applied in the curing (Fig. 259). 
When the tobacco is dry it is ready to be graded for market. 
The work of stripping leaves from stems and grading the product 
should be done when the weather is moist enough to prevent the 
leaves from breaking. The leaves may be marketed in the loose 
condition if factories are nearby, but if the tobacco is to be shaped 
it is packed in large bales, or pressed into barrels and hogsheads. 
In the tobacco districts of the South this latter process is called 
* prizmg. 

FIELD AND LABORATORY EXERCISES 

1. Management of Plant Beds. — Visit tobacco plant-beds and note the 
development of plants under the covers as compared with volunteer or chance 
plants growing outside the beds. Study the methods of watering, transplant- 
mg, preparation of fields, and other points incident to this crop. 

2. Tests with Fertilizers. — ^Tobacco plants should be grown in the garden 
under different treatments of fertilizer. Compare the growth when other con- 
ditions are all alike. Does the tobacco crop require more nitrogen or more 
potash as compared with com and potatoes m the same kind of soil? 

3. Curing Tobacco. — In the fall of the year tobacco bams of different types 
should \ye examined and descriptions or drawings made to show the methods 
of arranging the tiers of plants. Also compare the methods of ventilation and 
methods of drying. 

QUESTIONS 

1. What type or types of tobacco are grown in your state? 

2. What regions grow wrapper tobacco? What filler tobacco? What chew 

ing tobacco? 

3. How are tobacco l)eds started? 

4. How are the plants transplanted? 

5. Describe the cultivation of the crop. 

6. Describe the harvesting and curing of tobacco. 

References. — ^United States Farmers' Bulletins: 120, Insects Affecting 
Tobacco; 343, The Cultivation of Tobacco in Kentucky and Tennessee; 416, 
The Production of Cigar-leaf Tobacco in Pennsylvania; 523, Tobacco Curing; 
571, Tobacco Cultiire. 



CHAPTER XXVII 
WEEDS 

Consider the lilies of the field how they grow; they toil not, neither do they 
spin. And yet I say unto you that Solomon in all his g^ory was not arrayed 
like one of these. — Biblb. 

In the broad sense, a weed is any plant that is out of place. 
Com in the rose garden or roses in the com field are examples. 
In the usually accepted meaning of the term, a plant is a weed 
only when it is never cultivated or grown as a crop, but there are 
some exceptions even to this meaning. Plants such as the dande- 
lion are considered weeds by most gardeners and fanners, but 
they are sometimes grown intentionally for market as greens. 
Because a few grow some plants for market does not prevent the 
rest of us from considering them as weeds. 

Noxious weeds are those which are usually considered weeds 
by everyone and in all places, but there are a few plants that have 
run wild or escaped from cultivation that are classed among the 
noxious weeds, find are listed as such in the laws of various states. 
Examples of these are the ox-eye daisy, purple and white aster, 
mustard, the bulbous rooted buttercup and others. Most of the 
noxious weeds exist as such because they are more or less difficult 
to eradicate. Each has some special characteristic in its nature 
by which it is able to withstand the treatment it receives during 
the tillage of the fields in which it grows. Elxamples of these 
special advantages are: 

The wild onion has a bulbous root which will grow from its 
large store of nourishment even after it has been rooted up and the 
top killed by tillage of any kind. 

The Johnson grass and quack grass (witch grass) have very 
long horizontal rootstalks running just under the surface of the 
ground. From the nodes of these rootstalks new stems may be 
sent up, and the more they are cut to pieces by the use of culti- 
vators, harrows and other tillage implements, the more plants 
there will be. 

The Burdock, cockle burr, Spanish bayonet, bidens, beggar 
weed and numerous others have devices by which the seeds cling 
to the coats of animals and thus are spread into numerous out-of- 
372 



PERENNIAL WEEDS 373 

the way places which would not otherwise be reached by weeds 
not thus equipped. 

Classification of Weeds. — With respect to the length of time 
which weeds may live, they may be classified as (1) annuals, (2) 
biennials, and (3) perennials. 

Annual weeds start from seed each year, as none of the roote 
or other parts live over. They develop stems, root systems, leaves 
and flowers and then benr seeds and die. This is all within one 
year, or perhaps one growing season. There are a few annual 
weeds that are called winter annuals which begin their growth 
in the fall just as wheat and other winter grain does. The winter 
chickweed is a very common example of this. 

Fta. teo. Fid. ZQI. 



Biennial weeds do not develop seed until the second year of 
their growth, but after the seed matures the whole plant dies. 
In the case of all such biennials, the plant develops a store of 
nourishment the first growing season. During the second growing 
season the plant uses up this store of nourishment which aids it in 
developing and ripening its seeds. Burdock and wild carrot 
(Queen Anne's lace, Kg. 260) are verj' common biennial weeds. 

Perennial weeds are of two main types: The herbaceous 
perennials, which die to the ground each year, but the underground 
parts including the roots live from year to year for several or many 
years. The other form of perennials may live above ground as 
well as under ground for several years. These are usually more or 
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less woody plants such as the wild 
rose, poison ivy (poison oak), prairie 
willow and others. 

Herbaceous perennial weeds begin 
bearing seed as soon as they are old 
enough — perhaps by the second year. 
They bear seed each year and die to 
the ground by winter time. The next 
season they spring from the ground 
and develop a new flower stalk and 
bear another crop of seeds. Weeds 
of this character are the most {per- 
sistent and most difficult to eradiciite. 
(See Fig. 261.) 

Another classification of weeds 
may be made on the basis of the 
habitat or place of growth. The lines 
between these classes are not defi- 
nitely marked out but may be some- 
what as follows: 

(1) Those ^hich are found chiefly 
in cultivated fields or among * *hoed " 
crops. Examples are: Purslane, 
lamb\s-quarter, pig weed, field bind- 
weed, and numerous others. 

(2) Those which are found in grain 
fields in places where the ground is 
not tilled or plowed more than about 
once during the growing season. An 
example is ragweed, which springs 
up after grain harvest and- fills the 
stubble field. Com cockle is often 
common in the grain. 

(3) Pasture weeds, including those 
which are found in permanent hay 
fields and permanent pastures. These 
prefer a soil which is not disturbed by 

plant is tillage and plowing. They are usu- 
ally not killed by mowing and crop- 

"a^eda are borne at^ the top and the ping. ExamploS are the OX-CyC daisy, 
plants will increase rapidly if allowed .,7 , 11 i iii* 

Wild asters, golden rod, dandelion. 




Fio. 262.— The mullein 
often a bad weed in pastures if mow 
injr ia neglected. Large numbers of 
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mullein (Fig. 262) pereanial milk weed, iron weed, tall verbena, 
EngUsh plantain (Fig. 263) and many others. 

(4) Road-flide and fence-row weeds are often the same kinds 
of weeds as are found in the other classes, but there are a number 
of weeds that are somewhat restricted to such places. May weed, 
dog fennel, burdock, chicory (Fig. 264), wild lettuce, beggar weed 
and others seem to prefer neglected places. 

Losses Due to Weeds. — Weeds growing with our farm crops 
tend to smother the main crop, rob it of its plant food or shade it 
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from the light and air and thus may greatly reduce the yield of the 
crop, liven rapidly growing crops such as com are often choketl 
out by weeds where the tillage has been neglected. In spots 
where Canada thistle, Johnson grass, or quack grass has taken 
poasesaion, the crop is reduced to a minimum. 

Loss in Pasture. — Some weeds when grown in pastures are 
injurious Iwcause of their Imd tiiste and Imd odor, or benau-se of 
thorns and prickles. The grass growing near them is avoided by 
pasturing animals and much loss is thus experienced. Fibrous 
weeds found in pa.stures are sometimes injurious to the animals 
themselves. Cattle are sometimes killed by eating the wild woody 
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ferns found in pasture lands bordering the low woodland. The 
animals may learn to love the ferns and eat so much of the woody 
tissue that they suffer from impaction of the stomach. In other 
cases animals are actually poisoned by the weeds, and much loss 
is often experienced. Loco weed often causes serious loss. 

Animal products are injured by weeds. For example: Dairy 
cows eating wild onions or wild garlic will have their milk badly 
flavored and thus greatly reduced in value. The wool of sheep is 
often filled with burrs or other parts of weeds. The market value 
of the wool is thus much reduced. When such burrs and refuse 
collect in the manes and tails of horses, or in the tails of cattle, 
their appearance is marred, and the real value of the cattle is at 
least apparently reduced. 

The value of field products is often injured by the presence 
of weed seeds in the harvested crop. When grain is infested with 
weed seed the buyer greatly discounts or ''docks" the value of 
it. It receives a much lower grade or classification in the market. 
Millers are unwilling to buy wheat containing the bulblets of onion 
and garlic. Com cockle and a few other forms of weed seeds are 
very difficult to separate from the grain by fans or screens, because 
they are nearly of the same size and weight. In case weed seeds 
can be separated from grain, the cost of the product is much 
increased by this labor. When weeds are mowed in hay fields, the 
grade of the hay is reduced and the market value is consequently 
much lower. In some cases the weeds are slow in curing, and 
the hay itself is thus reduced in value or may be left exposed to 
the weather until damaged by storm. The increased bulk of the 
harvest both of hay and grain increases the cost without increasing 
the returns. 

Weeds Poisonous to Man. — Poison ivy has already been 
mentioned. Its injury to many persons when they come in con- 
tact with it is a matter of common knowledge. Wild parsnips if 
eaten during the second season of their growth, as they may be 
through mistake, are very poisonous. United States Farmers' 
Bulletin 86 on thirty poisonous plants should be read in this 
connection. 

Value of Land Reduced. — The extremely noxious weeds will 
reduce the value of farm land. Prospective buyers are loath to 
buy farms infested with such persistent weeds as wild onions, 
Johnson grass, quack grass and Canada thistles. Any farm badly 
infested with weeds of any kind along road-sides, fence-rows or in 
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the fields is much less attractive to visitors or others contemplating 
purchase or rental of that particular farm or others in the vicinity. 

Weeds Are Sometimes Beneficial. — ^If it were not for weeds, 
many farmers would not practice rotation of crops. Indeed, rotation 
is one of the very best ways for the control of certain classes of weeds. 

Cultivation of the soil is required because of weeds. Many 
a poor farmer would neglect the crops if it were not for the growth 
of weeds which he feels in duty bound to kill by cultivation. The 
other benefits arising from the cultivation, such as the aeration of 
the soil and the saving of moisture, would not be realized if the 
farmer were not forced by weed growth to continue to cultivate 
com, potatoes, garden truck and garden crops. Some one has 
said that ''weeds make lazy men more diligent. " 

Weeds may serve as feed for animals, as they are often eaten 
by sheep, pigs, cattle and horses. 

Certain succulent weeds are used by man as greens, particu- 
larly in the spring of the year. 

Cover crops are often found to consist entirely of weeds of 
one or more kinds. Nature tries to cover the soil wherever it is 
left bare by man. This is no small benefit arising from weed 
growth. The growth of a cover of weeds not only serves all the 
purposes of a cover crop but it produces a cover of green manure 
which may be turned under for the improvement of the soil before 
the next money crop is started. 

Plant food which is leached into the subsoil is often recovered 
by the growth of deep-rooted weeds reaching their tap roots into 
the subsoil and feeding upon those elements which are out of 
reach of most of our field crops. This plant food thus recovered 
may be made available for succeeding crops by the use of the 
weeds as green manure. The deep-rooted weeds may also be 
credited with the benefit arising from soil aeration and the forma- 
tion of water channels along the many deep roots. 

No one should defend the growing of weeds for the purposes 
here mentioned. The careful farmer will grow other crops which 
will accomplish each of these purposes better. 

Dissemination of Weeds. — There are two main ways for the 
spread of weeds as well as of other plants. (1) By seed distribu- 
tion, and (2) by the growth of vegetative parts, such as runners, 
rootstalks, and bulblets. 

Distribution of Seeds. — There are a number of provisions in 
nature for the spread of seeds. The snapdragon throws its seed at 



378 WEEDS 

the time the seed case ripens. This is typical of a number of others. 
The carrying of seeds on the coats of animals has been mentioned 
and illustrated, and numerous examples are everj^where found. 
Wind is an important factor in the spread of seed '^flying machines. " 
The dandelion, thistle and milk weed seeds are carried long dis- 
tances in high winds. Certain seeds are carried on the water and 
may be left in inundated fields, or along the banks of streams. 
Edible seeds are carried by birds, squirrels and other animals, and 
a large proportion of them are left in places where they may grow. 
The almost incredible number of seeds produced by single plants 
plays an important part in the problem of weed dissemination. 

Commercial Operations Spread Weeds. — ^A number of the 
worst weeds in America have been introduced from the Old World 
through the use of packing material containing weed seeds. In 
like manner eastern weeds have been sent to the western states. 
The shipment of grains, stock feeds, hay, straw and similar mate- 
rials from one part of the country to another will spread the weed 
seed which may chance to exist therein. 

Farm Practices Spread Weeds. — Farmers who buy their feeds 
raised in distant places will find that manure when spread on their 
own fields is infested with new forms of weeds, and from this field 
or farm the weeds may spread to the neighboring fields. 

Thrashing machines become infested with weed seeds on one 
farm and from there they go to other places where the seed is blown 
out and finds congenial soil on which to produce a new crop. 
Manure is hauled from the cities to the country. City stables 
may have been using feeds, bedding or roughage from distant 
places, the manure is full of the seeds and the farmer plants them 
when he spreads the manure. This is one of the strongest argu- 
ments used by gardeners against the use of stable manure and in 
favor of commercial fertilizers. 

It is a far too common practice to allow weeds to go to seed along 
fence-rows, roadsides and other waste places. From here many 
fields are badly infested. 

Tillage implements such as harrows and cultivators will often 
carry parts of weeds or their seeds from one part of the farm to 
another. This is particularly true with such weeds as those having 
long rootstalks as Canada thistle, quack grass and Johnson grass. 

Foul seeds purchased from dealers or from farmers are among the 
sources of weed infection. Growers cannot be too careful in selecting 
clean seed, and avoiding the use of seeds grown in places where noxi- 
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Oils weeds are commoD. The purchase of Sudan grass seed from a 
re^oD where Johnson grass is found is Ukely to result in the sowing 
of Johnson grass. These two plants are compared in figure 265. 
Canada thistles have been introduced in many states through the 
use of grass seeds purchased from regions where Canada thistle is 
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growing. Dodder is spread through the use of foul alfalfa and 
clover seed. 

The laws of nesily all the states forbid the growth of noxious 
weeds on our farms. Certain regulations are made regarding the 
enforcement of these laws, but too often they are not enforced. 

The laws regarding the spread of weed seeds through the sale 
of commercial seeds are comparatively well enforced in nearly all 
the states and Canada. Provision is made for the inspection of 
samples of seeds and the testing of them for impurities. Dealers 
are required to furnish statements of purity and freshness. 



380 WEEDS 

ControL — Prevention of Annual Weeds* — Aa the annuals 
do not have any underground root stalks or other means of spread- 
ing by vegetative growth, they are disseminated entirely by their 
seeds. The seed supply is very abundant in annuals. The key- 
note to prevention of annual weeds, therefore, is to prevent the 
maturing of seed. The weeds should be kept down in some way 
until frost kills them. 

Probably the best management for the control of annual weeds 
is clean tillage. Mowing will accomplish a great deal, but some 
will produce seed very close to the ground after the higher growth 
has been clipped off. 

Troubles With Biennials. — This group naturally produces less 
seed, as each plant requires two years in which to develop its crop 
of seeds. Although the imderground parts live for two years they 
are not disseminated by this means. Most of the biennials are 
easily destroyed by plowing, hence they are not commonly found 
in fields that have been plowed recently. For this reason, it is 
more common to find burdock and similar biennials along fence- 
rows than along roadsides. In such places the weeds should be 
prevented from going to seed by cutting them below the surface 
of the ground with a knife or spading tool, or by keeping them 
mowed low enough to prevent the development of flowers and 
seeds. 

Wild carrot is a biennial which becomes very abundant in 
pastures and hay fields. Rotation of crops probably is the 
best means of curbing it. Mowing the hay crop early will, to a 
great extent, prevent seed formation. When such hay is cut 
twice a year, the crop of wild carrots is largely controlled. 

Eradication of Perennials. — Except in special cases, plowing, 
rotation of crops, and thorough cultivation are the- best remedies 
for the control of perennial weeds. Most perennials do not like 
to have their root systems disturbed. As already mentioned, a 
few of the weeds with underground rootstalks are not controlled 
by such methods. This is true of Canada thistle, Johnson grass, 
quack grass and a few others. There are numerous perennials 
with fleshy roots, such as dandelion, true dock and others, that 
are entirely destroyed by plowing and cultivation. 

In cases where it is impracticable to use these methods for the 
eradication of perennials, smother-crops may be of considerable 
value. Grain crops, dwarf Essex rape and other rank-growing 
crops may shade the weeds, largely preventing their growth. 
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Canada Thisfle is one of the worst weeds known. It is found 
chiefly in the Northern states and Canada, and is found in all 
kinds of fields. Many special methods for its eradication have 
been tried and recommended. None of these is entirely success- 
ful in all cases. 

A small patch of weeds may be smothered by placing over 
the patch a straw stack, or a hay stack. A pile of manure is some- 
times used to smother the area. Even builders' paper or tar paper 
is sometimes tried. Anything will weaken the plants which will 
prevent the growth of new leaves. This will tend to starve the 
underground root stalks and thus .allow them gradually to decay, 
but they will live underground without decay for more than a 
year. 

If the surface of the ground be kept well tilled, the leaves will 
gather very little nourishment for the rootstalks. 

Some have been successful in controlling small patches by the 
use of pigs or chickens penned closely on the small area. 

A plan which may be followed for a large field infested with 
Canada thistle is to spray the field with copper sulfate solution, 
using fifteen pounds of the sulfate to fifty gallons of water. This 
amount should be enough for one acre. Spray when the weeds 
have formed their flower stalks, but have not yet developed any 
seed. Of course this is best done before the grain crop is forming 
its heads. The spraying kills only the part above ground and new 
growth is certain to follow, but this will be so short when the grain 
harvest is on that most of the thistles will be kept out of the bundles 
of grain. After harvest is over the ground should be plowed and 
then kept harrowed every week or so for the remainder of the sum- 
mer. This will reduce the leaf surface sufficiently to weaken the 
rootstalks by the time winter comes on. The next year the field 
should be put into a cultivated crop such as com or potatoes, and 
this should be so thoroughly tilled as to prevent any leaf growth 
of the weeds. 

Johnson Grass. — This weed is a southern grass and is one of 
the worst, having an abundance of rootstalk surface. The grass 
becomes very tall, and smothering it by the growth of money 
crops is practically impossible. Several of the methods above 
mentioned for Canada thistle may be applied effectively in con- 
trolling Johnson grass. Hogs required to pasture on the field will 
eat the rootstalks and destroy the weeds. 

When fields are only partially infested with Johnson grass 
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with a patch here and there over much of the field, some have 
adopted the method of seeding the whole area to such a crop as 
Sudan grass. This crop may be cut several times in one season. 
This will prevent the Johnson grass from forming seed, and to this 
extent will control its spread. This should not be considered a 
means of entirely eradicating it, but rather a means of making 
the best of it while we have it. 

Quack Grass. — (Witch Grass). This is a northern weed and 
has slender running rootstalks with nodes only an inch or less 
apart. The rootstalks are readily broken to pieces by tillage ma- 
chinery and the plant is thus rapidly spread over the farm, as each 
piece will grow wherever it comes in contact with the soil. Small 
areas may be kept down by pasturing closely with hogs or poultry. 
As in the case of Canada thistle and Johnson grass, the ke^oiote 
to destruction is the prevention of leaf growth and the starva- 
tion of the underground parts. The rootstalks are very shallow 
and the field plowing will be helpful. Small areas of the plant 
may be smothered by applications of salt to prevent the leaf 
growth. 

Wild Onions and Garlic. — Weeds of this group are severe pests 
in pastures, hay fields and rich meadow lands. They are sometimes 
very bad in cultivated fields. Stock do not object to eating the 
tops, but the milk of dairy cows and the meat of other animals is 
affected in flavor when these weeds form a large proportion of the 
feed. Land infested with wild onions and garlic will often have to 
be abandoned for pasture purposes because of the bad flavors 
resulting in the products. 

One plan of control is to plow the crop under in April or May 
and to again plow in November. In the middle and southern 
states the crop will grow throughout the winter. These two plow- 
ings will help to prevent the leaf growth, particularly if each of the 
plowings be followed with some harrowing or cultivation. During 
the summer season a culture crop is grown and kept thoroughly 
tilled, and thus the use of the ground will not be lost. 

Very small patches may be planted and used for cattle lots 
during the winter season in regions where the ground is not frozen 
much of the time. The puddling of the soil by the trampling of 
the animals will cause most of the bulbs to rot and little or no 
growth will come thereafter. 

If sheep be used to pasture the onion field, they may be in- 
duced to eat the tops readily if all the salt the animals get is ap- 
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plied to the ground where the onions are growing. Before the 
animals are needed for slaughter they should be taken from the 
pasture and given other feeds for several days. This will help to 
remove the distasteful flavor from the meat. 

Where very few onions have started in the soil, they should be 
pulled out and destroyed. The field should then be limed and en- 
riched with commercial fertilizers and plenty of seed of good grass 
or other crops should be sown. Liming and fertilizing will en- 
courage the growth of the other crops and this in turn will greatly 
help to crowd out the onions and garlic. 

Spraying is one of the best remedies for the control of weeds 
in grain fields, and may be used in hay fields and pastures. The 
principle involved is that a solution of a spray material may be 
made strong enough to injure weed tissues without seriously in- 
juring the leaves of the grain. This is because the grain leaves 
are provided with a '*bloom," which is a covering somewhat re- 
sembling wax in protecting the surfaces of the leaves. The spray 
will attack the unprotected weeds but will not affect the grain. 
Sulfate of iron is most commonly used, the mixture being made at 
the rate of 100 pounds of the sulfate to fifty gallons of water, and 
this should spray about one acre of weeds. 

Probably the best time for spraying is when the weeds are be- 
ginning to send up their flower stalks and just before the grain 
begins to form its heads. One spraying at that time should be 
enough to kill practically all the weeds then above ground, and 
others will be smothered to some extent by the grain crop being 
so much ahead of them. 

Pasture Weeds. — Weeds in permanent pastures are hard to 
control. As already stated they are chiefly perennials. Weeds 
of this group are most easily destroyed by plowing, but if the pas- 
ture is to be a permanent one, plowing is out of the question. Of 
course if the circumstances are such as to allow the owner to plow 
up the pasture and put it into some other crop until the perennial 
weeds are destroyed, this plan would probably be the best; but in 
many cases the permanent pasture is a rocky field, or a stumpy 
field, or a low wet field, or very hilly, and any of these conditions 
might make thorough plowing impossible. Other methods must 
then be resorted to. 

When the pasture grass is short, sheep may be allowed to 
graze for a short period and thus crop many of the weeds. Mow- 
ing should also be practiced. If a mowing machine can be run 
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over the pasture twice a year, it will wonderfully improve its graz- 
ing qualities. Grass is much improved by clipping. The grass 
seed stalks are cut, and this in turn makes the grass form more 
leafy and succulent growth for the stock. On the other hand, the 
clipping is injurious to the weeds and two clippings a year will 
destroy many of them. 

Liming and fertilizing are both beneficial to the grass, and will 
encourage it in its efforts to crowd out the weeds. More grass 
seed should be sown in the pasture each fall and spring, particu- 
larly in the bare places or parts where the weeds are most abund- 
ant. If possible, a harrow should be used over the surface at each 
seeding time to help cover the seed and to help destroy the weeds. 

Along Roadsides. — It is a common sight to see crops of weeds 
going to seed in waste places along fences and roads. These fur- 
nish enough seed to supply the farms along both sides of the road, 
and the fields bordered by the fences. No efforts should be spared 
in trying to induce all farmers, both the thrifty and the neglect- 
ful, to keep such places along their farms mowed or otherwise 
cleaned of growing weeds. Such areas should be grassed, if pos- 
sible, as this will tend to keep down the weeds. The grass itself 
may be cut or pastured, and some value of the area will thus be 
obtained. Along railroads, wide strips are sometimes left which 
may be used for growing clean culture crops such as potatoes. 

How Rotation Helps to Control Weeds. — Perennial weeds arc 
more common in pastures and meadows than they are in culti- 
vated fields. The annuals are more common in cultivated fields 
than they are in pastures and meadows. Wherever certain annual 
weeds have become a serious pest in a field, they may be subjugated 
by first cleaning the field up well and preparing a good seed bed 
for grass, clover, alfalfa or other perennial crop which, if properly 
grown, will smother out the annual weeds. The annual weeds fail 
to persist because the ground becomes well settled and the cutting 
of the hay will prevent them from going to seed — ^two conditions 
unfavorable to them. 

Wherever perennial weeds are becoming too well established 
in grass lands of any kind, the ground should be plowed, and as one 
plowing is usually not enough entirely to destroy them all, it is 
advisable to follow with clean tillage for a season or more. To 
do this economically requires the growth of an annual crop which 
is to be cultivated, such as potatoes, com, tobacco, garden crops, 
or cotton. 
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Without waitii^ for either class of weeds to become s s 
pest on the farm we may control both classes by systematically 
and regularly practicing this kind of rotation which requires the 
change from rather permanent fields, such as grass lands,' to the 
cultivated fields, and then reseeding the cultivated fields with the 
perennial crops. Examples of rotations for different sections are 
suggested in Chapter XI. 

Principles of Weed Control.— The following brief memoranda 
will help students and young farmers to keep in mind the various 
methods of weed control, and the study of these principles will 
serve as a sort of review of the points already given. 

(1) Never sow foul seed (Figs. 266 and 267). Have the seed 
cleaned thoroughly before sowing it. Remember that numerous 



Fia. 3Se.— The «t thumb •rill pii-h up ■ l.yer of ««ds (rom the vunpte. Ttae nwiina glitu 

or L«D> will help in det«TIing impuriljei. 
Tia. 267.— One of tfa* quickwt wiya of roufhly eiamininc b Ked.umple lor impuritie*. 

weedq may be started directly by the farmer who sows clover, 
grass or other farm seeds which are infested with weeds. Figures 
268 and 269 will aid in identifying weed sttds found in samples. 

(2) If grains or other seeds are harvested on the farm itself, 
they should be cleaned thoroughly by the use of the screen and 
fanning mill before being used for seeding other fields. 

(3) Always cut annuals, biennials and perennials (all kinds of 
weeds) before they ripen seed. Never allow seeds to mature if it 
can be prevented. 

(4) Weeds are easier to kill during the stage that they are send- 
ing up their flower stalks than at any earlier time in their growth. 
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Of course this does not apply to those weeds having a very per- 
sistent underground rootstaik. 

(5) Crops of weeds bearing mature seed should be mowed , 
raked and piled into compost heaps to rot instead of plowing them 
under directly. The rotting process will destroy many of the weed 
seecis* 

(6) This composting process should be used with manures 
which are known to be badly infested with weed seeds. 

(7) Be particularly diligent in fightingweeds new to your region. 

(8) Make the best use possible of sheep, hogs and other animals 
for the control of weeds in pastures and elsewhere. 

(9) Use rotation of crops for the control of weeds, if for no 
other reason. 

(10) Use chemical sprays in all cases where they can control 
the weeds in a wholesale manner and with economy. 

(11) Do everything possible to aid in the enforcement of weed 
laws of your state; both the laws relating to clean seed and those 
relating to the growth of noxious weeds. 

FIELD AND LABORATORY EXERCISES 

1. Study Growine Weeds. — Many field trips should be taken to study 
weeds as they grow in the fields. Make lists and mdicate the kind of place in 
which each is found. In the laboratory or study room, these should be grouped 
according to their length of Ufe as annuals, biennials, and perennials. The 
perenniak may again be sub-divided into those which have runners and running 
rootstalks. 

2. Freshly collected specimens should be brought to the laboratory and 
clarified the same as the lists have been classified before. This will aid m be- 
coming familiar with the name as well as with the length of life of each weed. 

3. Press and dry good specimens of weeds showing all the characteristic 
parts as well as possibte, such as the imdergroimd rootstalks, runners, bulbs, 
flowers and stalks. Mount these on sheets as botany specimens. The label 
for each should give the name, family, group name mdicating length of Ufe, 
kind of place where found, and date of collection. 

4. Spraying to Kill Weeds. — ^Try dififerent spray materials in combating 
such weeds as mustard, wild aster and others. 

5. Salt and Chemicals on Weeds. — Where weeds or grass come through 
cracks in walks, or in other similar places where they are not wanted, try kill- 
ing them with salt. Use copper sulfate solution on some of them. Which do 
you consider better? 

6. Sheep May Kill Weeds. — In a pasture where sheep are grazing, put their 
salt on some of the bad weeds and note the results later. 

7. Weeds Shipped in Hay. — Examine packing materials where goods have 
been shipped in hay, straw and similar litter. Put some of this material in a 
sieve, and try to snake out weed seeds on a smooth floor. Sprout some of 
these seeds in a box of soil. Determine the kinds of weeds, either by the seeds 
or from the sprouts. 

8. Weed Seeds in Feeds. — Obtain samples of feeds at feed stores. Try 
sprouting a number of these by planting them in boxes of soil. Samples of 
molasses feed are specially apt to be laden with weed seeds. 
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9. Seeds in MoUflses Feeds. — Wash several samples of molasses feeds in 
a little water in dass dishes or plates. Then pour off the water, and when dry 
examine with a lens for weed seeds. 

10. Weed Seeds in Field Seeds. — Obtain samples of grass seed and clover 
seed and make studies with a hand lens to determine the percentage of weed 
seed in each case. 

11. Fighting Nozioas Weeds. — Find a place where some persistent per- 
ennials are present — Canada thistle. Johnson grass, quack grass, or wild onion. 
Apply some of the special methods suggested in this chapter and note the 
results. 

12. Percentage of Weeds in Hay. — ^Examine samples of hay in the market 
or in hay mows and stacks. Determine the percentage of weeds present in 
them. 

13. Weed Seeds in Hay Mow. — From the floor of a hay mow obtain a 
handful of seeds shattered from the hay. After sifting to remove the coarse 
chaff, examine with a lens to determine the percentage of weed seeds present. 

14. Seeds in Barnyard Manure. — ^Take a sample of well rotted compost 
which is about a year old. Take another sample from a manure pile not over 
a month old. Spread these samples in a box or soil under conditions favorable 
for germination. Compare the weed growth from each. 

QUESTIONS 

1. Define the tenns, weeds and noxious weeds. Give examples of each. 

2. Define the terms annual, biennial and perennial, with relation to weeds, 

and give examples. 

3. Give a classification of weeds with reference to their places of growth, 

with examples of each. 

4. What are the chief losses due to weeds? 

5. What are some of the benefits of weeds? 

6. Describe the distribution of weed seeds, by natural methods. 

7. By commercial operations. 

8. What farm practices are likely to spread weed seeds? 

9. Give ^neral directions for the control of annual weeds. 

10. Mention some biennial weeds and tell how to control them. 

11. Explain what kind of rotation will best control perennials. 

12. Suggest all the methods you can for fighting Canada thistle. 

13. Same for Johnson grass. 

14. Same for quack ^rass. 

15. Why are wild onions and garlic so obnoxious? 

16. How may they be controlled? 

17. Give the principles of weed control by spraying. 

18. Why should roadsides and fence rows be kept free from weeds? 

19. Give eleven principles of weed control. 

References. — United States Farmers' Bulletins: 28, Weeds and How to 
Kill Them; 86, Thirty Poisonoas Plants of the U. S.; 188, Weeds Used in 
Medicine; 279, A Method of Eradicating Johnson Grass; 306, Dodder in 
Relation to Farm Seeds; 334, Vitality of Weed Seeds in Manure; 368, The 
Eradication of Birdweed, or Wild Morning-glory; 380, The Loco-weed Dis- 
ease; 42^, Testing Farm Seeds in the Home and in the Rural School: 464, 
The Eraoication of Quack-grass; 531, Larkspur, or "Poison-Weed; 545, 
Controlling Canada Thistle; 610, Wild Onion: Methods of Eradication. 
Cornell Circular 9, Orange Hawk weed or Paintbrush. R. !I. Exp. St a. 
Bui. 133, Weeds, their Eradication and Control. A Manual of Weeds, 
Georgia, Macmillan Co., N. Y. Weeds of the Farm and Garden, Pammel, 
Orange Judd Co., N. Y. 



CHAPTER XXVIII 
ECONOMIC INSECTS 

A little worm in a hickory-nut 

Sang happy as he could be, — 
Oh I hve in the heart of the whole round world, 

And it all belong? to me. 

— ^James Whitcomb Rilbt. 

Enormous losses occur froip the damage done by insectpS in 
the destruction of farm, produce and attacks upon livestock, to 
say nothing of the spread of human disease (Figs. 270 and 271), 
The loss to farmers alone is estimated at more than one billion 
dollars annually. To properly combat insects it is necessary to 
understand their methods of feecUng, mode of life, and in many 
cases a knowledge of their general structure is very helpful. 

True insects have six legs. The body is usually covered with 
a more or less hard or tough chitinous material. They take 
their food through mouth parts which are of two different types, 
either sucking or biting. The method of fighting them depends 
much upon whether they get their food by biting or by sucking. 

The breathing of insects is through pores or spiracles along 
the body — not through the head. The smothering of certain 
insects by the use of oils depends upon this structure. 

Insects have good digestive systems and will consume quanti- 
ties of food very great in proportion to the size of their bodies. 
This is due to the fact that they use tissues which are easily 
digested, and because their growth and transformations are some- 
times quite rapid. 

The power of reproduction among insects is usually so great 
as to rapidly multiply the species and produce numbers in alarm- 
ing degrees whei) their natural enemies are absent. Insects have 
circulatory systems and have several of the special senses found 
among higher animals, such as hearing, feeling, smelling, tasting 
and seeing. Some of these special senses are often very highly 
developed. 

Metamorphosis. — Insects of any kind are usually grouped 

under one of two heads: Those having complete metamorphosis, 

and those having incomplete metamorphosis. Flies, for example, 

have complete metamorphosis; that is the insect goQS through four 

390 



METAMORPHOSIS 



I. 270. — EbUrtfvd lappioE ortiAa n the tip q 
An BuLy takeo up ud ^riied by tti« fly'a 



nfly'lmoulh. Til 



|u™Df it 



Fin. 371— Foot of the houu fly nhoBiiu baw nutnrm<is bi 
the biiin. A. lut joinl and rtaws; R. claws and puilf; C. sii.all < 
•nUried, abawum Honksd hain. (Fii^biii of ihe Furmci.) 



392 ECONOMIC INSECTS 

stages of life during its existence: egg, larva, pupa and adult. 

All insects having complete metamorphosis have these four 
stages of life. All the growth of the insect takes place during the 
larva stage, although some feeding may also be done in the adut 
stage. During the larva stage the insect moults, or sheds its skin, 
several times to allow of increases in size. Instead of the outside 
coat growing or stretching, it is cast off and a new and larger one 
inside soon becomes hardened and when the insect is large enough 
to fill it this in turn is cast off. 

The pupa stage is usually a resting or very quiet stage. Some- 
times it is the winter stage of the insect, but often the pupa stage 
is brief and is passed in the ground or other hiding place. During 
this time the insect changes in structure and appearance a great 
deal. New sets of internal organs are produced. The method of 
digestion is sometimes changed. Rudimentary legs, wings and 
other appendages are formed. Such complete change is made here 
that the insect emerges from the pupa case as a very different in- 
sect, so far as appearance and habits are concerned. The covering 
of the pupa may be simply a leathery coat, or this may be covered 
with a more or less hairy cocoon, as in the case of moths. 

When the adult insect emerges from the pupa case the rudi- 
mentary appendages, such as the wings, are expanded and hard- 
ened by exposure to the air, within a few minutes. The insect is 
then full grown. No insects ever grow after reaching this stage. 
Small flies never become large flies, and small butterflies never 
become large butterflies. The adults of some species feed abun- 
dantly, but in other species practically no food is taken during this 
stage. In such cases the adult seems to exist chiefly for the pur- 
pose of reproducing the species. After mating, suitable places are 
found for laying eggs. A great instinct is exhibited in the search 
for suitable places where the larvse when hatched from the eggs 
may find proper food and surroundings. After the egg-laying 
period is over the adults usually die. In some cases adults live 
in a more or less dormant condition in secluded places through 
the winter and lay their eggs in the spring. 

The chief orders or great groups of insects which have complete 
metamorphosis and which are of great economic importance, are: 
True beetles; butterflies and moths; flies and mosquitoes; bees, 
ants and wasps. 

Incomplete metamorphosis differs from the complete t3rpe 
in having no quiet or true pupa stage. The stage following 
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the egg usually resembles the adult in many respects, differing 
chiefly in the absence of wings. This is usually called the 
nymph stage. The insect is then active and feeds abundantly. 
It goes through several moulting periods and gradually develops 
wings like the adult. Eggs are laid during the adult stage, but 
feeding may be continued as during the nymph stage. The chief 
orders of insects having incomplete metamorphosis are: True 
locusts, grasshoppers, katydids and crickets; true bugs, such as 
squash bug, chinch bug and numerous others. 

Orders of Insects. — The farmer is chiefly concerned with six 
orders or main divisions- of the insect class, but entomologists 
classify insects into twenty-one orders, many of them being of lim- 
ited economic importance. The most destructive and most 
beneficial insects belong to the following six orders: 

Orthoptera (straight winged), or true locusts, grasshoppers, 
(Figs. 272 and 273) katydids, crickets, roaches, and others. All 
this group have biting mouth parts and the metamorphosis is in- 
complete. 





Fia. 272. — ^The "Rocky Mountain" locust (left) and the "lesser locust" (right) are 
two of the most destructive of the locust group. The former has wrought destruction in 
the western states several times. The latter is often veiy injurious to alfalfa, clover and other 
crops in e8:stem states. (Economic Entomology.) 




Fio. 273. — The American grasshopper or locust showing the first and last stages in 
its development (metamorphosis). A destructive species of the southeastern states. (Econ> 
omic Entomology.) 

Hemiptera (half-winged), or bugs, include many kinds of plant 
bugs (Fig. 274), plant-lice, San Jos6 scale (Fig. 275) and other 
scale insects, cicada and leaf hoppers. The mouth parts are con- 
structed for piercing and sucking juices. The metamorphosis is 
incomplete. The order includes many of the most destructive 

insects. 

Coleoptera (horn-winged), or true beetles. Some of the bene- 
ficial insects of this order are ground-beetles, tiger-beetles, water- 
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Tbe larvse of the injurious species or families bave bitii^ mouth 
parts, but tbe adults have long sucking tubes, not adapted to 
piercing tissues. In this stage tbey are harmless. 

Dipteia (two-winged) flies and mosquitoes. There are a few 
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beneficial flies: rol>ber-flie3. which prey upon other insects, and 
a few which are parasitic upon other insects. Injurious diptera 
include mosqui- 
toes, house-flies, 
stable-flies, Hess- 
ian fly (Fig. 281), 
pear-midge, buffalo 
gnat, horse-fly, ox- 
bot, sheep-bot, 
horn-fly, cabbage- 
maggot, "sheep- 
d. tick," and bee- 

louse. The mouth 
parts of mosqui- 
ffiie^'S^lh^ '<*^ ^^ adapted to 
dcorn, (Ecnponijc piercing and suck- 
ing. This is also 
true of many species of true flies, but in the case of the house-fly 
and some others the mouth is not suited to piercing. The food 



I 



/. l>rv. iMd 
E'Tmlij" " 



Fio. 2S1.— Heuiut-fly «k1Ii on wheat stem h, sod hsstthy wheat >t left. a. i 
Imrvs; c. "flmuied" or winter alBie of larva; -1. pupa; /, adult female: 0. adult male; 
panwit* which <>[t«D degtroyg the HeBsiBD-Ry or bolds it in check. (Ecoaoinic Eatomr 



398 ECONOMIC INSECTS 

is lapped and sucked. The larvse of true flies are called maggots. 
The metamorphosis is complete. 

Hymenoptera (membrane winged), bees, wasps, ants and saw- 
flies. The most beneficial representatives are true honey-bees, 
bumble-bees and ichneumon. The latter is parasitic upon injurious 
insects. Among the harmful group may be mentioned currant 
worm, pear-slug, grape-slug, saw-fly, several forms of ants and 
some species of wasps. The metamorphosis is complete. True 
bees have mouth parts adapted to both biting and lapping or suck- 
ing during their adult stage. Wasps and ants have strong jaws 
for biting. In the larval stage the mouth parts of many of the 
families are very rudimentary, while in others they are highly- 
developed and adapted to biting and chewing. 

Life History of Insects. — ^Af ter determining the order to which 
any injurious insect may belong much may be known about its 
life history, but certain definite information is necessary about 
each species to know how best to combat the enemy. Its most 
vulnerable points may be determined only by knowing the places 
where the eggs are laid, the kind of food preferred by the larv®, 
in what stage the winter is usually passed, and other important 
points. After such information is once obtained and'published, it is 
usually easy for the farmer or gardener to apply suitable remedies. 

Remedies. — There are a number of suitable remedies to use 
in fighting insects: Rotation of crops will often rob the enemy 
of the food which it must have. Fall plowing will often destroy 
those which live through the winter under the surface of the ground. 
Insects are then more likely to be destroyed by winter weather 
or by birds and parasitic insects. Trap crops are useful in many 
cases; they provide plants on which the injurious insects will 
accumulate and where they may be destroyed more easily and 
without danger to the main crop. 

Spraying and dusting are often thought of as the chief remedies 
against injurious insects. In many cases spraying is much more 
effective than dusting, but the latter is much less expensive, where 
it can be used at all. More chemical may be used in the dusting 
of potatoes than in spraying them, but the labor is much less. 

Natural Enemies. — Insects are often kept in control by their 
natural enemies. Serious scourges of the Rocky Mountain 
locust, for example, are seldom known. It is believed that a 
fungous disease, and perhaps other enemies, hold them in check. 
So it is with many species of insects. 
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Birds are believed to be the best insect destroyers in nature. 
They feed upon insects in all stages. During the nesting period, 
birds which are ordinarily classed as seed eaters gather large num- 
bers of insects to feed to their young daily. It has been carefully 
estimated that a robin will use 300 larvae in a day while feeding 
her young. The nuthatch, chickadee, hairy woodpecker, brown 
cr^per and similar birds find the hiding places of insects through- 
out the winter season, thus destroying the few remaining insects 
of many species in any locality where such birds are not molested. 

The ruthless destruction of birds by man, in search for millin- 
ery feathers and plumes or for game or for mere sport, has doubt- 
less done more than any other one thing to destroy the * 'balance 
in nature," and allow injurious insects to obtain supremacy. The 
farmers are willing to suffer losses amounting to hundreds of 
millions of dollars for the sake of giving a few others the privi- 
lege of destroying birds. Many states have laws favoring the pro- 
tection of birds at certain seasons of the year, or throughout the 
year. Enforcement of such laws results in great good to crops. 
All possible means for the protection of birds and encouragement of 
their work should be used. Suitable nesting places for birds may be 
provided. Bird houses may be erected where cats cannot reach them. 

Toads are wonderful insect destroyers. Some one has said 
that a toad in a garden is worth twenty dollars a season. Surely 
their value should not be underestimated and when found they 
should never be molested. 

There are many insects which prey upon injurious species. 
These are called predaceous insects. Examples of these are several 
species of lady bird beetle, certain forms of solitary wasps, wheel- 
bugs, crane-flies, robber-flies, ground-beetles, tiger-beetles and 
others. Still other forms are parasitic upon injurious insects. The 
minute chalcis-flies lay their eggs in scale insects, many injurious 
caterpillars, such as the cabbage worm and others. When the eggs 
of chalcis-flies hatch, their larvae feed upon the tissues of their vic- 
tims and many injurious forms are thus destroyed. It is not an 
unconmion thing to make a large collection of injurious insects 
and find them all parasitised by the chalcis-fly. Other common 
parasitic insects are ichneumon-flies, braconids and others. 

Fungous diseases doubtless play an important part in keeping 
many species of insects within bounds. The ravages of locusts, 
chinch-bugs and others are greatly reduced by fungous diseases. 

Efforts have been made by man from time to time to introduce 
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the various enemies of insects into new localities. Some of these 
have proved successful. Chinch-bugs were in this way kept within 
bounds by distributing ''sick'' bugs in fields where attacks were 
severe. When the weather is favorable this method has proved 
successful. One notable effort to introduce insect-eating birds has 
proved disastrous. All are familiar with the history of the English 
sparrow in America. It was first introduced with the hope that it 
would be valuable in the destruction of insects, but on reaching 
the American shores this species reverted to the habits of its 
ancestors, which lived chiefly upon seeds and grain. While the 
English sparrow does destroy many insects during the nesting 
season, it is a grain destroyer much of the time. The main charge 
against the English sparrow is that it has driven out niany of our 
valuable insect-eating species. 

Potato beetles are injurious both in the adult and larval 
stages. They were doubtless formerly kept in control by the 
quail (Bob-white) and other valuable birds which are now too 
scarce to check the march of such a formidable enemy. Methods 
of fighting the potato beetle are given in the chapter on potatoes. 
Cotton boll-weevils have made their advance upon the 
American cotton growing states from the south of Texas. They 
threaten to spread through the entre cotton belt. Millions of 
dollars have been spent in efforts to control this enemy. The 
chief remedies are mentioned in the chapter on cotton growing. 
The com ear-worm is also called the cotton boll worm. The 
larvae feed upon young com ears until they approach maturity. 
In the southern states they attack cotton plants, feeding upon 
tender bolls and other parts, if young com is not available. 
Remedies were mentioned in the chapter on cotton. In com 
growing states north of the cotton belt the ear-worm is a serious 
enemy, particularly to sweet-corn growers. Fall plowing over the 
whole neighborhood is perhaps the most practical remedy. Rota- 
tion of crops will also help. 

Chinch bugs are destructive to small grains, com and grasses. 
Both young and adult bugs suck the juices from the stems, begin- 
ning near the ground and working upward. A remedy some- 
times practiced by farmers to prevent the spread of chinch bugs 
is to plow deep furrows around the field that is to be protected. 
In this furrow drag a log frequently to produce and maintain a 
fine dust. As the bugs attempt to cross the furrows they are buried 
in the dust by the use of the log. This method is modified by the 
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addition of kerosene or tar, or other destructive material, to the 
dust in the furrow. Another practical remedy is to thoroughly 
destroy in the fall or winter all hiding places, such as grass and 
rubbish, in or near fields where the bugs have been injurious. 
Cooperation in these efforts among farmers of a neighborhood has 
been tried with much success. 

The Hessian fly is one of the most serious pests infesting 
wheat. There are several broods in a season. The insects attack 
fall grain near the surface of the ground and pass the winter in 
the pupa stage, or so-called ''flaxseed stage." The adults emerge 
in the spring and lay their eggs in the bases of the leaves of 
wheat, grasses and similar plants. The crop is stunted in growth 
and often so weak that little or no grain can be produced. 

The best remedies are to plow early and deep and sow the grain 
late. If a 'Volunteer" crop of grain sprouts early from waste 
seed this should be disked in or carefully destroyed. 

Apple Worm or Codling Moth. — The adult is a small moth 
which lays eggs in the green calyx leaves of the fruit just after 
the petals fall. The insects attack apples, pears and quinces. 
The larvaj when hatched from the eggs eat their way to the core 
of the fruit and feed near it until full grown. They then emerge 
and fall to the ground, form cocoons in the bark of the tree or in 
rubbish near the tree. There is usually but one brood in northern 
latitudes, two broods in middle latitudes and perhaps three or more 
in the South. The fall brood passes the winter in the pupa stage. 

The best remedy is to spray the trees thoroughly with poison, 
such as Paris green or arsenate of lead jilst after the petals fall. 
This must be done before the calyx cup has closed, or before the 
small fruits have begun to droop. If poison falls in the calyx cup 
the larva will be destroyed and no damage follows. Sound fruit 
is easily produced where such spraying is practiced. A second 
spraying should be done about two weeks after the first. In some 
sectioas it is necessary to spray about the time the most eggs are 
laid for the second brood later in the season. 

Other methods of combating this serious pest are: (1) Destroy 
all fallen fruit in the early part of summer, as these are usually 
infested with larvae. This is best done by allowing hogs or sheep 
to run in the orchard a few weeks at this time of year. (2) Band- 
ing the tree-trunks with burlap or heavy paper in the fall is some- 
times practiced. This traps many larvse and pupa which may be de- 
stroyed by removing the bands and crushing or burning the insects. 
26 
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The plum curculio is the insect which causes stone fruits 
to be wormy. Peaches, plums and cherries are usually badly 
affected unless remedies are successfully used. The adult is a 
beetle having a long ' 'snout " with jaws at the end of it. The in- 
sect attacks the fruit soon after the stamens disappear. Crescent- 
shaped wounds are made on the small green fruits (Figs. 282 and 
283) and eggs are laid near these. When the larvae hatch they 
soon eat their way toward the seeds of the fruits (F^g. 284). Many 
fruits drop oS and others are prematurely ripened as a result of 
these attacks. All fruit is wormy and is rendered unfit fur use or 
for market. 






Pio, 282.— Allhounh the rum.lii) insert does not make ptan 

The best remedy is to spray the orchard thoroughly with poison 
soon after the petals fall and again about ten days later. 

Jarring the trees frequently in early morning during the egg- 
laying period will cauae many adults to fall. They may be caught 
in sheets or stretchers under the trees. They are easily destroyed 
in cans containing a little kerosene. All fruits which fall to the 
ground should be destroyed if possible. Swine and poultry will 
aid much in this work. 

The San JosS scale is the worst insect enemy of orchards. 
The leaves, young twiga and also the fruits are attacked by the 
scale insects, which suck the juices and reduce the vitality or 
actually kill the trees. Enormous losses result unless systematic 
remedies are applied. The great damage is due to the rapidity 
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with which the insects multiply. If a few are left in the orchard 
in the spring they may multiply and spread so rapidly as to kill 
some trees and infest the whole block of trees by fall. They are 
very small and may easily escape detection. The young are carried 
from tree to tree by other insects and on the feet of birds. 

Several spray materials are successfully used in controlling 
the scale, llie most successful are: (1) Soluble oils, or miscible 
oils, and (2) lime-sulfur preparations. Lime-sulfur has the great 
advantage of being a good fungicide, as well as a good insecticide, 
for this class of insects. It is clained for the soluble oils that they 
will last longer and will destroy insects that may be brought to 
the tree after it is sprayed. 

Both materials are used when the trees are in the dormant 
stage. The very dilute self-boiled lime-sulfur is also used on trees 
when the foliage is well developed. 

Canker worms, sometimes called measuring worms, attack 
apple trees and sometimes pears and others, defoliating them. 
These larvae are very difficult to poison. Strong solutions of arse- 
nate of lead are most successful. Spraying should be done while 
the larvae are very small — when their work is first seen. 

Another method of control is learned from the knowledge of 
their life history. The female moths are wingless and must crawl 
up the trunk of the trees to lay their eggs on the leaves, where the 
larv^ae may feed. Bands may be placed around the trees to pre- 
vent the ascent of the female moths or the larvae. The band may 
be made of a soft tar-like preparation, or may consist of wool or 
cotton tied on with cord. There are conmiercial preparations 
ased for this purpose, and sticky fly paper is sometimes used. 

Two Apple Tree Borers. — The more common apple tree borer 
is called the flat-headed borer. The eggs are laid on the bark of 
tree trunks and the larvae dig and feed chiefly in the sap wood. 
They live from one to three years before emerging as adults. They 
are then beautiful bronze or black beetles, which live for only a 
short period. 

The work of the borers should be observed closely and the larva? 
may be killed by use of a wire or a knife. 

The round-headed apple tree borer is usually less conmion 
than the other, but its work extends deeper after the first year and 
it is more difficult to remove from the deep channels. The larvae live 
for about three years, after a short pupal stage, appearing in early 
summer as brown-and-white striped beetles. (Figs. 276 and 277). 
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A prevention against the work of both these borers is to tie 
fine wire netting or tar paper about the trunks of the trees. The 
bands should extend two feet or so above the soil and there be 
closely tied to keep out the adult beetles when trying to lay their 
eggs on the trunk. 

The flat-headed borer attacks many other trees besides the 
apple, while the round-headed borer seems to prefer the quince, 
but is also found in the pear. 

Peach tree borers attack peach, plum and cherry trees, 
usually near the surface of the soil, but less conmionly several feet 
above. The adult is a true moth but has membranous wings, re- 
sembling very large bees. The larvae dig chiefly in the sap wood, 
and when several are present in one tree, it is seriously damaged 
or killed. When the borers are full grown they spend a short time 
in the pupal stage near the bark or in crevices outside, or rarely 
in litter on the ground, before emerging as moths. 

The remedies consist in digging out the borers when their work 
can first be discovered by the exuded gum and by the borings; 
and by protecting the trunks with wire netting or heavy paper to 
prevent the deposit of eggs there. 

Old peach trees often become very badly infested and a few 
may supply enough adults each summer to badly infest any young 
orchard trees growing near them. The egg laying season extends 
throughout the warm summer months, but the annual brood seems 
to be most active in early summer. 

Cabbage worms are the larvae of cabbage butterflies. The 
eggs are laid on the leaves of cabbage, kale, cauliflower, turnip 
and a few other plants. The chief damage is done to the late cab- 
bage crop. The ' 'worms " eat their way into the heads, doing much 
damage. There are several broods in a season. The adult butter- 
flies appear in early spring, emerging from the pupa stage, in which 
the insect has passed the winter. The first adults may lay their 
eggs on wild mustard and other similar weeds. The second brood 
of adults appears about a month later and these are usually most 
damaging to the garden crops which they attack. 

The best remedy is to spray the plants before much damage is 
done, using arsenate of lead — 6 ounces to 50 gallons of water. On 
cabbage, such a spray can be used without any danger of poison- 
ing human beings, because plants grow from within forming the 
heads and pushing the outer leaves containing the most poison 
away. These are trimmed off before being used on the table. 
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Paris green may be mixed with large quantities of finely sifted 
ashes, road dust or air-slaked lime; and the mixture may be used 
as a dust upon the plants when they are moist with dew. 

Tomato or Sphinx worms are the larvae of hawk moths or 
sphinx moths. They eat the leaves of tomato, tobacco and 
other closely related plants. As the feeding is in the open, they 
may be controlled by the use of poison spray, such as Paris 
green and arsenate of lead. Judgment should be used to avoid 
spraying too shortly before harvesting the crop. When there is 
danger in the use of poison, the ''worms" are sometimes picked 
off into cans of kerosene-on-water. Trap crops may be grown near 
the main crop; and poison may be used freely on the trap plants. 
The insect passes the winter in the form of a brown or leather-like 
pupa having a loop resembling a jug handle near one end. The 
adults emerge in early sunmier to lay their eggs. 

Squash vine borers attack the stems of melons, pumpkins, 
squash and other green vine crops. Thej'^ feed along the inside 
of the stems and kill the plants. The adults are moths which lay 
their eggs on the young plants about the time the young plants 
begin to form vines. 

The most practical remedy is to stimulate the growth by use 
of manure in the hill and by thorough culture. The vines should 
all be covered with a little loose moist soil at distances of one to 
two feet from the main root. This will cause new roots to form 
which may save a number of the vines. The borers may be killed 
by running a knife along the affected parts, before the vines are 
killed. 

Striped cucumber beetles are very destructive to the green 
vine crops, by feeding on all parts. They fly readily, and often 
gather on the leaves of plants in great numbers, retarding the 
growth or killing the plants. It is when the plants are young 
that there is the greatest danger. 

The larvae live in the larger roots of the same plants and do 
much damage while feeding there. The adults live over winter, 
and all vines where they may be hiding should be destroyed after 
the crop is harvested. 

Gardeners often use box frames, about 2 by 2 feet and six or 
eight inches deep, covered with wire netting, to keep off the striped 
beetles. These frames are placed over the hills when sprouting 
begins and are kept there until the plants fill them. The same 
frames may be used several seasons. 
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The beetles may be kept off to some extent by the use of fine 
tobacco duat, ashes or Ume mixed with Paris green. The insects 
are seldom killed by the poison, but they may be somewhat warded 
off the main crop in this way. 

FIELD AI1D LABORATORY EXERCISES 

1. Hake poison botUes for the collection of IneectB l>y luin^ wide mouthed 
bottles with good atopiiers, each bottle about u:ic-half pint in size. Put a 

K' :ce of pota.<<Biuni cyanide as large aa the end joint of a man's thumb in the 
ttom of each bottle. Cover this with ■ 
dry plaster of Paris, and then pour in 
enough water to wet the mass and cover 
it to a depth of one-quarter of an inch 
or more. Allow the bottles to atand 
with the corks in until the plaster has 
hardened. Then remove the corks, pour 
- off the water and insert apiece of blot- 
ting paper to absorb tlie .'surplus mois- 
ture. When the bottle has dried out it 
ia ready for use. Cut a pieee of stiff 

Kper or cardboard to cover the sur- 
X of the plaster inside the Ivottle. 
Care must be exercised to keep the 
bottles closed at all times as the air in 
them is poisoned. 

2. CoUect insects of all kinds and 
in all places possible. Put the live 
insects into a poison Iwttle and keep 

them there for a few hours. They may „ b_^' i • 

then he removed and pinned mto a isborawri^tnd wh^rroomT 'KiV^r^^ 
collection. ose on the li'ftmsy beundfor wslrrinwcla 

3- Kn insects according to the »ith'"'neMl<'rplant«Krowin«inlht|botlom 
usual custom, the pin paaainR through in'ibe'taiKlor^wibofplBlHj^Tu.S.D.r) 
a littte to the nght of the central line. 

The pin should Be thrust through until only one-quarter of an inch remain.s 
above. The best insect pins are veiy long and have small heads. Pinning . 
boxes or caaes may easily be made oi cigar boxes l>y gluing in the l>attom of 
each a layer of corrugated pastelioard, having a amootn surface, on top. The 
pins holding the insects may be thru.st into this comigated paper. Atwavs 
arrange insects in grouiw according to relationships^beotlea in one box, motb.s 
in another, flies in another, grasshoppers and locusts in another, and bo on. 

4. Classify and name the insects in the collection, using Coinstock'n 
Manual of Insects or other guides. 

5. Collect cocoons from trees, shrubs and other places. Put these in paste- 
board Ixixes provided with ventilation holes and provided with rough sticks 
on which the emerging moths may climb when (hey develop in the spring. 

6. Examine rapid development of wing surface of a larp moth just 
emerginK from its cocoon. Note the wonderful rapidity and the conditions 
under which the in.sect seems to develop l>e.st — with win)^ hanging downward. 

7. Rnd clusters of eegs of potato lieetles, butterflies, grasshoppers, squash 
bUB^i and others. Put tT^se into Iwxcs or cages (Fig. 28.')) or keen the leaves 
on which they may Ix! found fresh in glasses of water until the lBrv:r hatch 
from tlie cgp)- development studies of this nature are always interesting 
and instructive. 
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8. Life-histories of insects should be studied wherever possible, and all 
points observed should be noted and reported. 

9. Insects Destroyed by Birds. — Make observations regarding the destruc- 
tion of insects by vanous birds and estimate the number of insects destroyed 
in a given time by birds, particularly during their nesting season. 

10. Toads in Gardens. — Make smiilar studies regarding the value of toads. 

11. Cocoons and their Parasites. — Collect many specimens of any kind 
of cocoon, such as the tent caterpillar. After collecting 100 or more, allow 
them to develop for a few weeks, and then dissect them all, and decide what 
proportion are nealthy and normal, and what proportion have alieadv been 
destroyed by parasites. The great, value of parasitic insects may thus be 
appreciated. 

12. Amount of Insect Work. — Interesting studies of the destructive work 
of any of the biting insects may be made. Study the amount of destruction 
wrought by the com ear-worm, the potato beetle, the tomato worm, the 
codling moth or any of the others common in the vicinity. 

13. Detect Insects by their Work. — ^Learn to recognize the minute in- 
sects, such as San Jos(6 scale, plant lice and others. Not only the structure 
and appearance of the insects, but also the appearance of the plants when 
attacked should be recognized. 

14. Tree Borers. — ^Examine orchard trees for borers and practice destroy- 
ing them with a knife or wire. 

QUESTIONS 

1. Classify true insects according to mouth parts. 

2. What is the difference between complete and incomplete metamorphosis 

in insects? 

3. Mention the chief orders of insects with examples of each. 

4. What natural enemies of insects aid in their control? 

5. Give some idea of the value of these. 

6. Mention three garden insects which are injurious in your section, and state 

to what order they belong, and what kmd of mouth parts they have. 

7. Make another group of fruit insects. 

8. Tell what you can of the San Joe6 scale. 
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Shade Trees; 172, Scale Insects and Mites on Citrus Trees; 264, The Brown- 
tail Moth and How to Control It; 275, The Gipsej^ Moth and How to Control 
It; 453, Danger of Spread of Gipse^^ and Brown- tail Moths Through Imported 
Nursery Stock; 543, Common White Grubs; 657, The Potato Tuber Moth; 
606, Collection and Preservation of Insects and other Material for Use in the 
Study of Agriculture; 626, The Carpet Beetle, or "Buffalo Moth;" 627, The 
House Centipede; 636, Chalsis-fly in Alfalfa Seed; 637, Grasshopper Problem 
and Alfalfa Culture; 640, Hessian Fly; 657, Chinch Bug; 658, Cockroaches; 
659, True Clothes Moth; 662, Apple Tree Tent Caterpillar; 675, Round- 
headed Apple Tree Borer; 679, House Flies; 681, Silver Fish: An Injurious 
Household Insect; 683, Fleas as a Pest of Man and Animals; 691, Grass- 
hoppers on Sugar Beets and Truck Crops; 701, Bag Worm: An Injurious 
Shade Tree Insect; 705, Catalpa Sphinx; 708, Leopard Moth: An Enemy of 
Shade Trees; 721, Rose Chafer; 722, Leaf Blister Mite; 723, Oyster-shell 
Scale and Scurfy Scale; 725, Wireworms Destructive to Cereal and Forage 
Crops; 731, True Army Worm and Its Control; 737, Clover Leafhopper; 739, 
Cutworms and their Control; 740, House Ants; 741, The Alfalla Weevil. 
Also: NOS.-223, 284, 290, 456, 493, 506, 564, 609, 621, 630, 733, 735. 
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CHAPTER XXIX 

PLANT DISEASES 

Diseases of plants are chiefly caused by fungous growth, but 
some very bad diseases, such as apple and pear blight, are caused 
by bacteria. The causes of a few very destructive diseases, such 
as peach yellows, have not been determined, as to the exact germ. 

A fungous disease is usually easier to control than others. Its 
work is more or less noticeable, particularly during the advanced 
stages; the cause of such a disease is more easily determined and 
more easily prevented. 

Fungi (fun-ji, plural of fungus) are real plants but they are 
propagated by spores instead of by true seeds. There are two 
very different types of fungi: (1) Those which live on dead or 
dying organic matter, such as mushrooms and molds, called sap- 
rophytes; (2) those which live on the tissues of living organisms, 
such as wheat rust, apple scab, oat smut and many others. These 
are called parasites. Parasitic fungi cause much damage to farm, 
garden, and orchard crops. 

Potato scab (Fig. 286) is a fungous disease which lives in the 
soil where diseased potatoes have grown and also on the tubers 
themselves. The disease is harmful in reducing the yield and in 
rendering the crop less salable. The tubers are actually much less 
valuable for use because of the deep * 'scabs" or '*sores" in the 
surface, which cause much waste when they are being prepared 
for the table. 

As the spores of this disease live in the soil, as well as upon 
the seed potatoes, great precaution should be exercised to avoid 
introducing the spores into a garden or field. This may be pre- 
vented by treating the seed potatoes to kill the spores before plant- 
ing time. The simplest treatment is to soak the potatoes for about 
two hours in a mixture of formalin and water, using one pint of 
full strength (40 per cent) formalin to 32 gallons of water. The 
mixture may be used a number of times in the same day, and as 
the material is inexpensive the cost of the treatment is very slight. 

A number of other treatments are sometimes used, such as 
copper-sulfate solution and dusting with sulfur. 

Jt Is of little value to treat the seed potatoes if the disease is 
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already in the soil, but the treatment may be used when plaDtmg 
is to be on a field free from the disease. Practically all of tbe 
crop will then be free from scab. 

It has been observed that when the spores are in the soil the 
crop is often made more "scabby" by the use of fresh horse manure, 
applied to the soil the same year the crop is grown. When potatoes 
are grown in rotation over a series of years the lime and manure 
may be applied to the field for some other crop, such as com or 
clover. 

Potato Blight. — Irish potatoes are affected with two distinct 
blights. One is called early blight and the other late blight. 



Fia. 2H<I.— Potato tuben Iwdly HtUcked by Ihe lub diieue. |U. B. D. A.) 

Early blight is much less injurious to the crop, as it seldom 
affects the crop of early potatoes much before they are ready for 
harvest. Sometimes it attacks the leaves and gradually covere 
the whole plant in the form of dark spots surrounded by concentric 
rings of different shades on the leaves. The entire crop may be 
destroyed by it. 

Late blight attacks the plants near the ground and the spread, 
both upward and downward, is quite rapid. The leaves and 
sterna turn dark brown as they wilt. The spore-distributing stage 
of the disease is seen in the darkest areas. Spores often fall to tbe 
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ground and infest the tubers. The crop may show only a little of 
the rot due to this disease at the time of harvest, but if the tubers 
are affected they may continue to rot in storage. If the tubers 
show some signs of being attacked by late blight, the crop should 
be sold or used before the disease gains great foothold and causes 
too serious a loss. 

Potato blight of either kind may be prevented by use of Bor- 
deaux mixture. Some growers have been successful in preventing 
the disease by the use of lime-sulfur mixture, using the summer 
strength. (See Chapter XXX.) Either the Bordeaux mixture oi' 
the lime-sulfur may be combined with the poisons which are 
sprayed on the plants in fighting the potato beetle, thus no extra 
labor is required in the actual spraying work. The use of either 
of these mixtures when combined with the poisons makes the latter 
more effective, because it is not so readily washed off by rain. 

After potato blight has become established in the field or 
garden there is no remedy. Spraying must be used entirely as a 
preventive before any sign of the disetise is noticeable. Several 
applications are usually necessary, for the purpose of keeping the 
new growth covered with the spray material. Such preventive 
spraying has been found very profitable in many potato growing 
sections, while in others the disease is not bad enough to warrant 
the spraying as an annual prevention of blight. 

Grain Smut. — Wheat is affected by two distinct smut diseases: 
(1) The "stinking" smut produces a small bundle of spores in 
place of each grain of wheat. When thrashing takes place these 
smut balls often burst and reduce the milling value of grain, which 
is otherwise sound. The yield is greatly reduced by the attack 
of stinking smut. (2) Loose smut is usually less destructive to 
wheat than to other small grains, such as barley and oats (Fig. 
287). This fungus attacks not only the kernels but also the 
glumes or husks surrounding them. 

Oats and barley are affected with two kinds of smut, known as 
the covered smut and the loose smut. These are similar in their 
appearance and growth. The spores are upon the seed at planting 
time. When germination begins the spores also germinate and 
attack the young plants, living in the stems, and gradually reduce 
their vitality until time for the grain to head out. Then the black 
spores of the disease appear in great abundance in place of the 
healthy grain. The difference between these two smuts in indi- 
cated by their names. Loose smut attacks both husks or chaff 
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and grain, as it does in wheat, and the covered smut remains 
inside, destroying only the grain. The reduction in yield, due to 
these diseases, sometimes reaches as much as 00 or 100 per cent 
of the crop. 

The method of preventing these diseases is simple and usually 
very successful. The seed grain may be treated with a solution of 
formalin, using one pint of full 
^ strength formaho (40 per cent) 
' in forty gallons of water. The 
1 seed should always be' thor- 
oughly wet by soaking about 
ten minutes. This may be done 
in loose Hacks or may be done 
by sprinkling the seed in large 
boxes or wagon beds. If the 
sprinkling method is used the 
grain must bestirred thoroughly 
during the process to be certain 
that all parts are wet with the 
formalin water. Formalin is a 
good fungicide and kills the 
spores. When wheat is affected 
by the stinking smut this treat- 
, ment is not always successful, 

Fia 287 — Osl." atmckfd b amut di»- '^^^"^ some of the smut balls 

»" "" I''"' ™n'i«"«'. Y'-','' I™"'"' """ ™ B,re not wet throvy;h. If such 
c gnru lire sn ,1 p grain is poured into formalin 

water much of the badly affected grains will float and may be 
e,asily separated from the good seed. Another method used for the 
stinking smut is to treat the seed with hot water at a temperature 
of about 130 F. The water should be kept at this temperature 
for about ten minutes, and any grain which floats should be 
skimmed off. 

Com Smut. — This is a very different disease from the smuts 
which affect small grains. Ijarge round or oval masses containing 
black smut .spores are found on the ears of com. Often these take 
the place of kernels on the cob. Tassels, leaves and stems are also 
sometimes affected. 

It is believed the disease lives over winter in the soil and may 
be spread to the new crop from the soil or from manure spread 
in the field which contains the spores from the feed lot or bam. 
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The best method, therefore, to reduce the attacks of this disease 
is to practice rotation of crops and to prevent masses of the smut 
from being scattered in the manure. Smutted ears should never 
be taken to the feed lot or barnyard. 

Grain Rust. — Leaves and stems of small grains are often badly 
affected with two diseases, known as leaf rust and stem rust. The 
former is brown, and the latter appears in black spots on both 
leaves and stems. Stem rust is less common but more injurious 
when present. Weather conditions seem to greatly influence the 
growth of these diseases. These are not within the control of the 
farmer. Well drained soil should always be used in regions where 
rust is prevalent. Small grains grown in southern latitudes are 
more subject to rust than in the North. 

Apple Scab. — This disease attacks both the leaves and the fruit, 
on which brownish, scab-like spots are formed, and the ^ize of the 
fruit is often much diminished because of the disease. The market 
value of the fruit is much reduced, and the grower often loses many 
dollars by not preventing the disease. The rusty, irregular blotches 
often deform the fruit, and sometimes pits are formed. 

The two chief spray materials used as prevention of this 
disease are lime-sulfur, applied when the trees are in their winter 
condition, or Bordeaux mixture, the strength of which is varied 
to suit the condition of the trees. With either of these materials 
Paris green or arsenate of lead may be mixed to aid in the control 
of codling-moth and canker worm. (See Chapter XXX for pro- 
portions.) 

The first spraying should be done when the trees are dormant, 
and if lime-sulfur is used, the San Jos^ scale will be largely con- 
trolled by this early application. The arsenic need not be used 
for this first spraying. The second application is made at the 
time the petals fall. At this time poison is very essential. A 
third spraying is given about two or three weeks later. At this 
time Bordeaux is somewhat preferable to the lime-sulfur. (See 
Chapter XXVIII for insects affecting the apple orchard.) 

Apple Rust. — This disease is also known by the name ' *cedar 
apple." The disease is a fungous growth which appears in two 
forms, one attacking the apple, forming a so-called rust growth 
on- the leaves, young twigs and green fruit; the other form growing 
on red cedar trees, and appearing in the form of brown or yellow 
swellings the size of small apples which when dry are much shriv- 
elled and may have a purplish color. As this alternate growth of 
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the fungus is absolutely neceesary for its perpetuation, and as 
the disease is not known to appear on other plants than the apple 
and the cedar a remedy naturally suggests iteelf, namely that of 
destroying all cedar trees in the vicinity of the apple orchard. In 
fact, no other satisfactory remedy for the control of the disease 
has yet been devised. Legislation has been enacted in some states 
to require the cutting of cedar trees in the vicinity of commercial 
orchards. 

Brown Rot. — This is probably the worst disease of the stone 
fruits, attacJcing the leaves and fruit of peaches, plums, cherries 



Fin. 28H. -Munilii. (Iin.wn rflt) o( pearh nhnirinii' tha aU«pk« on Iniit and twi^. Plum. 
sad clicrriea are likswise attectecT (Niir JsrMy Sutisn.) 

and their allies (Fig. 288) . The leaves turn brown or are otherwise 
discolored, and ripening fruit rots on the trees. Many of the fruits 
at this time prematurely drop to the ground. Others cling to the 
trees, and if not picked will later dry up and become mummified, 
in which condition they are often seen after the leaves fall. 

Spray the trees while in their dormant condition with lime- 
sulfur (1-40) . A second application is made just after the blossoms 
fall. With the peach, this is when the shucks are shed from the 
young fruit. A third spraying is given about ten days or two 
weeks later. Poison is usually mixed with these materials for the 
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second and third sprayings for the control of curculio. (See 
Chapter XXX.) A fourth application is sometimes made about 
one month before the ripening of the fruit. At this time, Bor- 
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deaux mixture is preferred by some growers. (See Chapter XXIX 
for insects affecting atone fruits.) 

Peach leaf curl is a disease which attacks the leaves and twigs 
of the atone fruits. It is often quite serious and checks the growth. 
The character of its work is shown in figure 289. It is largely 
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controlled by sprayiiig with Bordeaux or lime-sulfur in very 
early spring. 

Black-knot is a fungous disease which attacks the twigs, limbs 
and tnmks of such trees as cherry, plum, and others. Trees 
that are systematically sprayed with lime-sulfur or Bordeaux 
mixture for other troubles are seldom attacked by black-knot. 
But when the disease is once established (Fig. 290) it can be 
removed only by severe cutting away of the affected parts. The 
wounds should be treated with lime-sulfur and then painted. 

FIELD AND LABORATORY EXERCISES 

1. Collect samples of fungi which live on dead or dying organic matter. 

2. Collect Plant Diseases and their Work. — Make another collection of 
plant diseases such as rust on blackberry leaves, rust on wheat, ''cedar apple" 
on cedar trees, and the corresponding form on apple trees, oat smut, black- 
knot on cherry and plum trees, brown rot of peach and plum fruits and others. 

3. Study the fruit clusters in as many of these cases as possible. Explain 
how spraying with a fungicide controls the spread of the disease. Why should 
the spray material be applied in advance of the disease? 

QUESTIONS 

1. Give several conditions which encourage the potato scab disease, and a 

remedy for each. 

2. Describe the two kinds of blight cfa potatoes. 

3. What can you say of the losses due to grain smut? 

4. Describe the effects of apple scab. 

5. What is the nature of the brown-rot disease? What fruits does it attack? 

6. What is the leaf -curl disease? 

7. Tell what you can of black-knot disease. 

8. What diseases of plants are you familiar with from your own observation? 

Make a list of them. 

References. — United States Farmers* Bulletins: 15, Some Destructive 
Potato Diseases; 219, I^essons from the Grain Rust Epidemic of 1904; 221. 
Fungous Diseases of the Cranberry; 488, Diseases of Cabbage and Related 
Crops and Their Control; 489, Two Dangerous Imported Plant Diseases; 
607, The Smuts of Wheat, Oats, Barley and Com; 544, Potato-tuber Diseases; 
618, Leaf-spot, a Disease of the Sugar Beet; 714, Sweet Potato Diseases; 742, 
The White Pine Blister Rust. Also 492, 555, 625, 648, 714. 

Cornell Bulletin 358, Some Important Leaf Diseases of Nursery Stock. 
Cornell Circular 20, The Fire Blight Disease and Its Control in Nursery 
Stock. Mass. Sta. Bui. 138, Tomato Diseases. N. J. Sta., Circ. 50, Common 
Diseases of Beans. N. J. Sta., Circ. 51, Diseases of Grains and Forage Crops. 
U. S. Department Bulletin 368, Brown Rot of Prunes and Cherries in the Paci- 
fic Northwest. 



CHAPTER XXX 

BIETHODS OF CONTROLLING INSECTS AND PLANT 
DISEASES 

Gardeners and farmers find it necessary to keep up a constant 
tight against insect enemies and plant diseases. It is estimated 
that the annual loss due to insect pests of crops reaches the enor- 
mous total of one and one-half billion dollars. Every producer of 
crops stands his share of this enormous tax. It is better to fight 
the enemies than to let them destroy the crops. Most of the 
damage done by insects is preventable by spraying, or by some 

Fio. 393. 
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other approved method of combating the pests. Birds and 
beneficial insects if given an opportunity will help control insect 
enemies (Figs. 291 and 292). 

Good farm management requires that the operator look 

ahead and know the probable effect of certain methods upon 

injurious insects. It is always safe to a-SKume that the insects will 

appear in due season unless they are forestalled by proper man- 

27 417 
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agement. Do not wait until the crop is seriously injured before 
methods are considered for the prevention and control of the 
p)ests. Watch the crops while young for any evidence of the 
enemy. Get them upon their first appearance. 

Planting at the proper time will help control insects. Early 
planting of a quick-maturing variety of cotton helps to control 
the boll-weevil and boll-worm. Early potatoes and early cabbage 
are both less affected by their worst enemies. Fall wheat may be 
sown late to prevent attacks of the Hessian fiy. 

Rotation of crops is usually planned by careful farmers or 
gardeners. When one crop is badly affected with insects it should 
not be followed with the same kind of crop next time. Systematic 
rotation should be followed for a number of other reasons, but the 
control of insects gives us ample need for forethought in this 
regard. (See chapter on rotation of crops.) 

Volimteer Plants and Weeds. — ^Although many insects feed on 
only one crop, they will often feed on a *closely related species of 
weed or perhaps upon volunteer plants of the same variety growing 
near by. Potato beetles, for example, will feed upon other plants 
of the potato family — ^the wild night shade, sand brier and others. 
Such weeds may be kept down to help starve out the insects and pre- 
vent their breeding, or these plants may be sprayed and the insects 
thus * 'trapped" may be prevented from attacking the main crop. 

Volunteer grain growing in the fall before the sowing of the 
main crop may feed the Hessian fly and furnish it a breeding 
place throughout the early fall. An extra harrowing or disking of 
the field may prevent this. 

Forcing Rapid Growth. — If the crop is stimulated to rapid 
growth, it may overcome the bad effects of attacks made by insects. 
The apple worm and the plum curculio are sometimes actually 
killed by the rapid growth of the fruit after the insects enter. 
Weakened plants are most likely to suffer from the attacks of 
insects. It is a well-known fact that many insect enemies are 
most destructive during seasons when the growth of plants is 
retarded by drought, or in places where the growth is retarded by 
an impoverished soil. 

Cleaning up after each crop is a good thing to practice. Clean- 
ing the fence rows so that the insects will not find good hiding 
places should be systematically practiced. Plant as close to the 
fences as possible and then cut the weeds, grass and bushes and 
rake out the litter at least once a year. When a cabbage crop, 



PLANT DISEASES 419 

potato crop or any other crop is harvested, the stubs, vines or 
other remains should not be left in the field to harbor insects and 
diseases They should be plowed under or raked up and piled 
into composts where they will rot and destroy the enemies. 

Seasonal Plowing. — It is much cheaper to plow a field well, 
and to plow it at a season when the insects are at rest, than to spray 
the crop or otherwise fight the insects after they have developed. 
Plow deep. This will kill many a larva and pupa. It will also 
turn up many for the attacks of birds, poultry and '*Jack Frost." 
Plowing late in the fall after insects have hibernated for the 
winter will thus destroy countless numbers of them. The farmer 
finds this practice one of the best methods of treating the soil, 
to say nothing of its effect upon insect life. Grub worms, cut worms, 
com ear-worms, stalk-borers, chinch bugs, grasshoppers and numer- 
ous others attempt to pass the winter in the ground and most of 
them will be destroyed by the late fall plowing. Early spring harrow- 
ing also destroys insects. Frequent harrowing and cultivating of the 
corn crop, potato crop and most garden crops are recommended. 

Trapping the insects is also practiced with much benefit in 
particular cases. The trap crop may be a natural weed, or may 
be planted as a bait crop to attract the insects so they will avoid 
the main crop. The brood of insects may be poisoned or otherwise 
killed before the attack of the main crop. In the case of the 
cotton boll- worm, which also attacks the ears of young com, the 
cotton crop is often protected by making successive plantings of corn 
in narrow strips through the cotton field. As the corn matures it is 
used for stock feed, and the cotton is grown without much injury. 

Plant Diseases. — In the fighting of plant diseases, '•preven- 
tion is better than cure.'* If the gardener or farmer is aware of 
what diseases are likely to appear, he can always prevent them by 
prop)er methods. These should be intelligently carried out with- 
out interruption. A common mistake is to hope that the diseases 
may not appear, and preventive measures are not practiced. 
Nearly all spraying for insect diseases should be in advance of the 
attack and not after it (Fig. 293). When a disease starts in one 
part of the field a large part of the crop is sometimes saved by the 
quick application of remedies. In nearly all cases, however, the 
infection is so general and so complete before the outbreak is 
noticed that remedial measures are of no avail. It is p)erhaps for 
this reason that spraying for plant diseases is so often discredited 
by the uninformed. 
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INSECTICIDES AND FUNGICIDES 

The principles involved in combating insects are based upm 
their methods of feeding. Chewing or biting insects are killed 
by arsenical poisons. Insects with sucking mouth parts live upon 
the juices of plants and cannot be killed by such poisons. If they 
are to 1» killed by spraying, it must be with a "contact insecticide, " 
i.e., some material surh as oil or du-st which will smother the 
insect by clogging thtt breathing pores located along the sides of 
the bmly. 



Fungous diseases can be usually prevented by the application 
of a fungicide applied by spraying the surface of the plant before 
the disease finds a starting place there. 

In mtmy cases, spraying may W' made to serve two purfjosea. 
Thus by c()mbining two spray mat*;rial» such as a fungicide with 
an arsenical poison m^ may combat a fungous disease and kill 
leaf-eating insects. Examples of these combinations are given in 
this chapter. 

Arsenical Poisons. — White arsenic b a cheap form often used 
in preference to Paris green or arsenate of lead. Arsenic alone is 
injuri{)us to the leaves and should be combined with sal soda at 
the rate of one pound of arsenic to two pounds of sal soda dis- 
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solved in one gallon of water. The dry powder should first be 
niixed with a httle water to form a thick paste before the other 
ingredients are added. The mixture should then be boiled until 
dissolved. Care must be exercised in handling this and other 
similar poisons. This solution may be kept to mix with water or 
Bordeaux mixture as needed. When spraying for diseases and 
insects combined, mix one quart of this stock solution with 50 
gallons of Bordeaux mixture containing plenty of lime. If water is 
used in place of Bordeaux mixture, use two quarts of the stock 
solution to fifty gallons of water and add two pounds of lime 
slaked and diluted to the consistency of cream. 

Paris green is a common commercial form of arsenical poison. 
It varies somewhat in its composition, but should contain from 50 
to 58 per cent of arsenous oxide. To avoid danger of burning 
the leaves when spraying with this material, lime should be added 
to the mixture at the rate of one or two pounds to 50 gallons. In 
spraying potatoes,- it is usually used at the rat€ of eight ounces of 
Paris green to 50 gallons of water. For apples, one-half this 
amount of poison is used. 

Arsenate of lead is a poison more easily combined with lime- 
sulfur in its different forms. It is more adhesive than Paris green, 
and is seldom known to cause injury to the foliage. It is coming 
to be the most pxjpular poison for use in spraying orchards. Com- 
mercially this poison is prepared in two forms: As thick paste, 
and as a powder. If the paste form is used, allowance must be 
made for the water it contains, which is about 50 per cent of its 
weight. Five pounds of the paste to 100 gallons of water or 100 
gallons of lime-sulfur is used in spraying apples. On the peach we 
may use four pounds of the paste with 100 gallons of lime-sulfur 
or 100 gallons of water. As much as eight or ten pounds to 100 
gallons of water may be used in fighting the rose beetles on grape 
vines. As such a strong solution is very bitter, it may be sweet- 
ened by adding two gallons of molasses to each hundred gallons 
of liquid. It is difficult to get the powdered arsenate of lead to 
mix readily with water, but if it is fine enough to do so, the above 
proportions may be reduced one-half, as the powder is twice as 
strong as the paste. 

Arsenite of zinc is a light powder which is coming to be used 
by vegetable growers and others in place of arsenate of lead. It 
should seldom be mixed with water alone because of the injury to 
leaves. Lime or Bordeaux mixture may be used to prevent this 
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injury. Use one-third as much arsenite of zinc as we would of 
arsenate of lead paste in the above formulas. 

Hellebore is a poisonous light brown powder. It is often 
applied in the form of dry dust either alone or mixed with flour. 
It must be fresh to be effective. This material is not recommended 
because so much of the commercial product has lost its strength 
before it is sold. As a spray four ounces of the fresh poison may 
be mixed with three gallons of water. As its poisonous properties 
disappear soon, it may be used instead of the arsenical sprays on 
fruits or crops that are approaching maturity. 

Contact Insecticides. — ^Lime-sulfur solution is now one of the 
most common spray materials. It will smother scale insects, and 
acts also as an effective fungicide. There are three main forms 
of this in use: (1) concentrated lime-sulfur solution, (2) commer- 
cial lime-sulfur solution, (3) self-boiled lime-sulfur. 

Concentrated lime-sulfur contains thirty pounds powdered 
sulfur, fifteen pounds burned lime and fifteen gallons of water. 
Start the lime to slaking and add the wet sulfur to it. Then add 
the remainder of the fifteen gallons of water and boil until dissolved. 
This may be kept in a closed vessel until wanted. A layer of oil 
on top of the liquid will keep the air away sufficiently. For winter 
spraying of apples this is diluted nine times its volume of water. 
Before diluting the concentrated solution, find the specific gravity 
of the liquid. Divide the decimal of this number by three hun- 
dredths (.03), and the quotient will tell the number of times to 
dilute the liquid. If the specific gravity of the boiled stock solu- 
tion is 1.27, divide the .27 by .03 which gives us 9, and indicates the 
number of parts of water to use. The winter spray for p)eaches 
should be a little more dilute than this. 

An easy way of boiling the lime-sulfur solution is to use an 
open kettle with a fire underneath. Sometimes a barrel or tank is 
used, and the boiling is done with a steam pipe from a small boiler. 

Commercial forms of the concentrated lime-sulfur are offered 
by many dealers. Usually the specific gravity is indicated on 
each of these preparations or directions are given for the diluting 
of the material for different purposes. 

Self-boiled lime-sulfur contains eight pounds powdered sul- 
fur, eight pounds fresh burned lime in 50 gallons of water. The 
principle involved in making this preparation is that the heat 
produced by the slaking of the lime will be sufficient to dissolve 
most of the sulfur. Place the lime in a barrel or wooden tub and 
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nearly cover with water. As the heat develops, the sulfur is added, 
care being taken to avoid any lumps of sulfur. Stir constantly. 
As much as three or four gallons of the water may be added 
gradually. The mixture should boil for several minutes. Then 
more water is added until the solution is cooled. The remainder 
of the water is added to complete the above formula, 8-8-50. 
This is used as a summer spray to prevent disease and to control 
scale insects, particularly on the stone fruits, such as peaches, 
plums and cherries, but it is also used effectively against diseases 
of leaves and fruit on the apple, pear, and others. 

Fish Soaps. — Whale-oil soap is used in spraying for plant lice. 
It is effective against soft-bodied insects. One pound of the soap 
to six gallons of water is effective. It is not injurious to the foliage 
of plants. Although whale-oil soap solution was formerly used in 
fighting scale insects, other remedies are now usually preferred, 
i.e., miscible oils and lime-sulfur wash. 

Miscibie Oils. — There are several conunercial products bear- 
ing trade names which are made up chiefly of miscible or soluble 
oils. These contain mixtures of petroleum or its products with 
some vegetable oils, made ^'soluble'' by the addition of an alkali 
such as sodium hydroxide. This makes the oil combine readily 
with water. Each of these preparations should be diluted accord- 
ing to the directions; the proportion is usually ten to twelve parts 
of water to one part of the conmiercial mixture as a winter spray 
against San Jos^ scale. Twenty-five to thirty parts of water are 
used as a summer treatment for plant lice and other soft-bodied 
insects. 

Tobacco Decoction. — This is made by boiling tobacco stems 
and other tobacco refuse in water, using one part to about two 
gallons. Its strength may be varied according to the insects on 
which it is used. Commercial preparations of uniform strength 
are found in the market. 

Ground tobacco stems are often applied in dry form against 
apple root aphis, or may be dusted upon leaves to drive away 
various insect enemies, as in the case of the tarnished plant bug 
on melons and other vines. 

Nicotine, sulfate under various commercial names is found in 
the market. It contains the active principle of tobacco, and is 
often very strong. '*Black Leaf 40" is one of these preparations 
which requires one hundred parts of water. In this strength it is 
effective in spraying melon lice. 
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Persian insect powder is made from the blossom of the pyre- 
thrum plant. This is used as a dust and smothers the insects. As 
it is not poisonous to human beings, it may be used in windows or 
other places where flies collect in great numbers. Like hellebore, 
it deteriorates with age, and so becomes ineffectual. When com- 
bined with water as a spray, one ounce of pyrethrum is mixed 
with two gallons of water. This should be boiled a few minutes 
before using. The fumes of burning pyrethrum powder will 
destroy flies and mosquitoes, if the fumes are confined in a closed 
room. 

Kerosene emulsion is made of one-half pound of hard soap, one 
gallon of water and two gallons of kerosene. Dissolve the soap 
in the water made boiling hot. Then remove from the fire and 
add the kerosene. This should be mixed vigorously for ten minutes. 
A good way is to use a small spray pump and turn the nozzle back 
into the mixture. It will become a creamy mass when all of the 
oil is thoroughly emulsified. This mixture may be kept in bottles 
any length of time desired. It is to be diluted when used with ten 
to fifteen partiS of water for summer use against plant lice and 
soft insects. As a winter spray, only three or four parts of water 
to one part of the stock solution are used. This is one of the oldest 
and one of the best remedies for use in the garden and greenhouse 
against any form of sucking insects. 

This emulsion is modified by substituting crude petroleum 
for the kerosene, or some petroleum distillates are sometimes used. 

Crude Oil. — For mange on horses and cattle and for lice on 
hogs, poultry and other animals, nothing is better than crude 
petroleum. This is rubbed on the coat of the animal, or sprayed 
among the feathers of poultry with an air blower. If light appli- 
cations are made, little or no injury results, but the parasites are 
destroyed and the eggs when hatched are killed by the residue of 
oil yet remaining in the hair or feathers. Light weight crude oil 
is preferred for these purposes. 

Pure sulfur is used against the red spider in grain houses, and 
is dusted on infested plants and trees such as citrus fruits in 
warm climates. 

Carbon bisulfide is used in destroying grain moths, weevils 
and other pests in stored seeds, stored grain, and other fruits in 
the pantry. Bins of wheat or other grain may be covered tightly 
with canvas and the liquid placed in a dish above the grain under 
the cloth. The liquid evaporates and the fumes penetrate through- 
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out the mass of grain, destroying the adults, larvse and pupse. 
Keep all fire or flames away from the materials. Use one teaspoon- 
ful of the liquid to each two cubic feet of tightly closed air space. 

FUNGICIDES 

Bordeaux mixture is the most common fun^cide used to pre- 
vent disease of plants. The most common formula is five pounds 
copper sulfate (blue stone), and five pounds fresh burned lime to 
50 gallons of water. Dissolve the copper sulfate at the rate of one 
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pound to one gallon of water. This may be done by hanging it 
in a bag suspended in the water over night, or by boiling the water 
for a few minutes. Slake the lime carefully until it is of a creamy 
consistency. Add water to make one gallon per pound of lime. 
These two solutions may ix! kept any length of time, and are called 
stock solutions. When needed for -"pray, stir each mixture well; 
dilute each as much as convenient before pouring them together. 
To mix them, pour the two diluted solutions at the same time into 
a third vessel (Pig. 294), then more water may be added to agree 
with the formula here given. Strain the Bordeaux mixture through 
cheesecloth before spraying. 
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Paris green, arsenate of lead, or other poison may be mixed 
with this to poison insects at the same time that the Bordeaux 
mixture is preventing disease. 

A few examples for which this combined spray would be 
used are: 

Apple scab aud coddling moth. 
Potato blight and potato beetle. 
" it of peach and curc<ilio. 



PRINCIPLES OF SPRAYING 

Never spray without knownin); what you are spraying for. 
Be sure that the application is made at the most suitable time 
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to accomplish its purpose. Do not wait until the calyx is closed 
before spraying for controilinK codling moth. Do not wait until 
the leaves are nearly all destroyed before fighting a leaf-eating 
insect, such as canker worm, or potato beetles (Fig. 295). 

Spraying is always more effective if the work is done on a 
bright, calm day (Fig. 296). The material should dry on the sur- 
face soon after its application. 

Be sure that all parts of the plants are touched with the spray, 
as the unsprayed parts may feed the insects and defeat your main 
purpose. 

Learn of the horticulturist at your state experiment station 
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the very latest forms of improved nozzles before purchasing. 
Usually a wide nozzle (No. 8 in Fig. 297), in which the liquid is 
(pven a whirling motion before it strikes the outer edge, is considered 
best for producing a mist. Such nozzles are recommended for use 
with Bordeaux mixture and lime-sulfur. 

Combine spray materials in preference to separate applica- 
tions. An insecticide and a fungicide are often used together to 
save time and labor. 

Winter sprays are always made stronger than summer sprays 
of the same materials (Fig. 298). 



Lime-sulfur is a good fungicide, and is a special insecticide for 
the control of scale insects. Its strength is varied according to 
the purpose and the season. It may be combined with arsenate of 
lead when biting insects are to \k killed and disease prevented. 

In the purchase of spray pumps and other machinery, use 
forethought so as to suit the apparatus to the area and purpose 
(Figs. 299 and 300). Often a small outfit which may be carried 
by hand on a small cart will accomplish as much as a more 
expensive outfit. More spraying would be done by gardeners and 
fruit growers if this were appreciated. Simple inexpensive equip- 
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ments should be used by beginners, but if a much larger outfit 
nill be needed in a year or two, do not i^e afraid to make the 
investment at first. 



F(Q. M8.— Sprayini! is murh Issa laboriom when igu sDciiKi ia employed [or tba work' 
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FIELD AND LABORATORY EXERCISES 

1. Potato Scab.— Make up a solution of fonimlin, usinK one ounce to two 
gallons of water. Use tbis (or treai-ing a ainatt quantity of seed potatoes to 
kill siwres of the scab disease. 

2. Copper Sulfate Solution. — Dissolve two f>ounds of copper sulfate in 
two gallons of water by haaging tbe sulfate in a piece of cheoiecloth tied to a 
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stick across the top of tbe wssel which should lie of earthenwarp. wood or 
rIiihs, (not niclul). As the sulfate diiwolves, tbe solution settles to the bottom 
and a circulation in thereby kcjit up during the dissolving proc<«a. Kc*p this 
as a stock siilution and Inliel its strength "(hie i>ound to one (tallon." 

3. Lime Solution. — Slake two pounds of Lme by moietenuig with a little 
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water, and as the lime begins to heat, pour on a little more water to prevent 
its burning. After the slaking is completed, increase the quantity of water 
to make two gallons, which should be of a creamy consistency'. Strain this 
through cheesecloth. Keep this as a stock solution in a covered vessel to 
prevent evaporation. 

4. Make Bordeaux mixture from a little of each of the two stock solutions 
described above. Stir each one thoroughly and take an equal amoimt of each 
in two cups or passes. Dilute each with four times its volume. Then pour these 
two solutions into a third vessel so that the streams mingle while pouring. 
Note the change of color. Stir immediately. This is Bordeaux mixture and 
is to be used as soon as possible after mixing. Put enough water with it to 
make the same proportion as called for in the formula, wluch is one pound of 
lime and one pound of copper sulfate in ten ^Uons of water. The equivalent 
of this may be obtained by dividing each by sixteen which will equal one ounce 
of lime, one ounce of copper sulfate in five pints of water. Keep the stock 
solution for future use. 

5. Mix Paris green with some Bordeaux at the rate of one level teaspoon- 
ful of powder witn five quarts of the Bordeaux mixture. This makes a com- 
bined spray material suitable for combating biting insects and plant diseases. 

6. Test Bordeaux mixture by putting a clean steel knife blade in the so- 
lution for a moment when the mixture is first made and properly diluted. If 
a deposit of copper forms on the blade, more lime is needed. A little more of 
the lime water should then l^e added. 

7. Another test for Bordeaux mixture is to pour a little of the solution in a 
shallow plate and allow it to stand for ten minutes or more, undisturbed. 
If the Bordeaux has sufficient lime, a thin film will be formed over the top of 
the mixture, which is detected by looking across the surface. Touch the sur- 
face with the point of a tooth pick. If a good film is found, it will show plainly. 
If the mixture does not stand this test, add more lime water, as there is more 
danger of injuring the foliage if there is not enough lime present. 

8. Paris Green Spray. — Make a mixture of one level teasp)oonfu] of Paris 
green in five quarts of water. Use this with a small blow spray for plants 
attacked by biting insects, as Irish potatoes. Keep well shaken while using. 
Note the results the following day. Do you find any dead potato beetles? 

9. Test for free arsenic in a mixture of Paris green and water by pouring 
off some of the clear w^ater after the Paris green has settled. Put a few drops 
on a silver coin or on a clean tin surfacre. If free arsenic is present, a deposit 
of metallic arsenic will discolor the other metal. As free arsenic is usually 
present in a mixture with Paris green, lime should always be added. Use one 
or two pounds of hme to each fifty gallons of water. The free arsenic will thus 
\ie taken up, and injury of the foliage is largely prevented. 

10. Make a solution of arsenate of lead in wat>er, calculating the pro- 
portions to agree with those given in this chapter. Test this solution for free 
arsenic as in the above exercise. Can you give a good reason for using arsenate 
of lead instead of Paris green on trees and other plants? 

11. Comi|are several of the poison mixtures with each other and see which 
ones remain in suspension best. What danger is likely to occur with those 
which settle quickly? 

12. Make a stock solution of kerosene emulsion, using the directions and 
formulasgiven in this chapter. 

13. Killing Plant Lice. — After properly diluting a part of the stock solu- 
tion, use it as a spray on plant lire, or on soft-bodied insects, and note the 
effects. 

14. Make a concentrated lime-sulfur solution, reducing the quantities 
to suit the laboratory' requirements. If possible, test this for si)ecific gravity, 
label it and save as a stock solution for future use. 



432 CX)NTROLLING INSECTS AND PLANT DISEASES 

15. Killing San Jos6 Scale. — Dilute a part of the concentrated lime-sulfur 
solution and use as a spray on San Jos^ scale or other scale insects in a winter 
condition. Some weexs later, the sprayed plants should be examined to see 
if any insects have survived. 

16. Self-boiled lime-sulfur should be made up in the laboratory, using 
a large enough quantity to produce the heat necessary for the boiling. Label 
the stock solution, indicating the strength, and save for future use. 

17. Make up a solution of the self -boiled lime-sulfur to use as a summer 
spray, and apply it to peach trees or plum trees to prevent plum rot and to 
kill any young scale insects present. 

18. Other Spray Materials. — Make up preparations of each of the other 
materials mentioned as insecticides and fungicides. If possible, use each of 
these materials and note their effects. 

19. Spray Nozzles. — If possible, make a collection of spray nozzles of 
different typos, and study the merits and demerits of each. ^ 

20. Spraying machines if used in the vicinity, should be visited and studied 
with reference to their adaptation to the work expected of them. 

QUESTIONS 

1. How may good farm management aid in the control of insect enemies and 

plant diseases? 

2. Give an illustration of the value of planting at the proper time. 

3. Explain the value of rotation of crops in this regard. 

4. What is the influence of volunteer plants and weeds in the spread of 

insects and plant diseases? 
5 Why should we try tc> force a rapid growth where insect enemies are 
present? 

6. Explain the importance of cleaning up after each crop. 

7. How does fall plowing help to control insects? 

8. Give an example of a trap crop and explain its use. 

9. Why is prevention more important than *'cure* in the control of plant 

diseases? 

10. For what type of insects are the arsenical poisons used? And for what are 

the contact insecticides used? 

11. Discuss one of the arsenical spray materials. 

12. Describe how to make, test and u.se concentrated lime-sulfnr. 

13. Give directions for making self -boiled lime-sulfur solution. 

14. For what is it used? 

15 Tell how to make kerosene emulsion and give its uses. 
1^ Give directions for making Bordeaux mixture. 

17. For what may combined spray materials be -used? Give several examples. 

18. Give the chief principles of spraying. 
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CHAPTER XXXI 
THE BUSINESS OF FARMING 

The farmer should be a philosopher. I like to think of him as having been 
so thorough and timely and resourceful with his work, that he can sit on the 
fence at least one day in the week and enjoy the fun of seeing things grow. 

— L. H. Bailey. 

The attractions of present-day farm life are enticing. In 
recent years thousands of men who have been engaged in other 
lines of business have taken up farming either as their chief occu- 
pation or as an avocation — ^merchants, bankers, professional men, 
and indeed people from all walks of life. This has been called the 
back-to-the-farm movement. Some of the causes of this move- 
ment have been: (a) The attractions of rural life, (b) The larger 
profits to be derived from improved farming, (c) The overcrowded 
conditions in cities, (d) The need for more knowledge in farming. 
(e) Diversification and specialization in fanning. 

The Knowledge Necessary to Manage a Fann. — The farm 
calls for men with knowledge aldng nearly all lines of science. 
Engineering to manage the modem machinery and the farm 
power; chemistry to manage the soil, the feed, the spraying of 
plants and disinfection of premises; biology to understsoid the 
nature of plants and their requirements. The farmer must have 
a technical knowledge of each of the crops which he is attempting 
to produce on his farm. He must be a thorough student of soils; 
understand the best management of fertilizers and other means 
of soil improvement. He must know the composition of plants in 
order to produce those needed for his stock. He needs to be a 
sanitary engineer to protect his family and his stock from diseases 
and insect enemies. Above all, he must be a good business man, a 
strict accountant, an alert financier, a man of quick decision, with 
much natural intuition in all matters of farming, and wide experi- 
ence in the management of men with whom he deals, both on the 
farm and off of it. The successful farmer should be physically 
strong if he is to manage and conduct the details of his business. To 
succeed in his dealings with other men he must be morally above 
reproach, and stand as an exemplary citizen among his fellows. 

The prospective farmer should have a natural inclination to 
live in the country. He should have a natural desire to do things 
with his hands, and ere long should attain some skill in the manipu- 
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lation of all things with which he has to deal in farming. No one 
should expect to go into farming who dislikes to handle tools, 
machinery, the soil itself, animals and plants. 

A feeling that the farm is to be a permanent home should enter 
into the heart of the prospective farmer. It should not be thought 
of as a stepping-stone to something else, although many farmers 
are called to legislative halls and to other public positions. 

In deciding whether to be a farmer or not there are a number of 
things to be taken into consideration: (a) The comparative 
cost of living on farms and in cities. This when figured correctly 
always results in favor of the farm. The cost of living is then 
reduced far below the average cost in the city. Many of the arti- 
cles are produced on the fanu, and indeed much of the living is 
obtained from products that would otherwise go to waste, (b) 
the farm land naturally increases in value far more than the home 
in the city. Many a farm has netted the owner a handsome 
income above the original investment, to say nothing of the profits 
from the farming operations and the value of the place as a home, 
in the meantime, (c) The profits to be reasonably expected in 
the farming operations should be the chief item for consideration; 
that is, the income from crops or animals as compared with the 
cost of producing and preparing them for market should be con- 
sidered the labor income. from farm operations. It is not fair 
to merely compare this labor income with city wages, because 
the city wage 's used chiefly, or perhaps entirely, in cost of living, 
including rent or maintenance of the home, while the farm may 
furnish all of that in addition, (d) The investment in farm land 
is always safer than the investment in city property. Deteriora- 
tion in land values due to hard times, or falling prices in general, is 
less marked in farm real estate than in city properties, (e) The 
attractions of farm life are numerous. Freedom and indepen- 
dence of action, opportunities for suiting environment to the per- 
sonal desires of the owner, really make the owner a '*captain of 
industry. " (f) The farm is a suitable place to train the younger 
members of the family. With improved rural schools and rural 
churches, and the natural freedom from vice and contaminating 
surroundings, the young boy or girl has far better opportunities 
in the country than in the city, (g) Less extreme poverty and less 
extreme wealth are found on the farm as compared with the city. 

Methods of Getting Started. — When a young man has a true 
ambition to become a farmer he will find a good way of making a 
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start. There are a number of plans, any one of which he may 
follow in doing this: (1) He may rent a farm already equipped. 
(2) He may become a farm labprer and gradually accumulate 
experience and a little money with which to start. (3) Oppor- 
tunities are afforded for borrowing money to be invested in farm 
lands, and the necessary equipment. (4) He may earn money 
in some other occupation and save for the first investment. (5) 
He may start in a small way by buying enough land to start some 
small line of farming such as poultry keeping or gardening. 

There are several methods in vogue of renting farms, among 
tenants and land owners in different parts of the country. Proba- 
bly the most satisfactory for both parties concerned is cash rent. 
Share rental is practiced in many cases. The tenant usually gets 
two-thirds or three-fifths of the grain sold, if it be a grain farm. 
In cases where the owner furnishes considerable equipment in the 
form of machinery, stock, rather expensive buildings and bams, 
the landlord usually receives one-half the returns. Where special 
crops, such as small fruit, garden truck, sugar beets and others 
requiring much labor are produced, the tenant receives a corre- 
spondingly large share of the returns. Whether to start into 
farming as a tenant or not will depend very much upon the ex- 
perience and industry of the operator himself. He may succeed 
very well and soon be able to buy a farm for himself. On the 
other hand many farmers remain tenants all their lives and move 
about from place to place, taking little interest in the conununity 
in which they live. This condition is very deplorable. 

A young man with a little farm experience and with a determi- 
nation to do the best he can — his hands and his heart full of will- 
ingness to make the farm pay his employer a good return — ^may 
receive board and washing, and perhaps a dollar a day as an 
average throughout the year on the farms of the East and Middle 
West. Wages will vary considerably in different regions. Such 
a wage is fully equivalent to fifty or sixty dollars a month in a 
city where he must pay out much of his income for board and 
washing. His incidental expenses are naturally much less on the 
farm. If he is married his house rent is given instead of his board 
on the farm. Indeed, a single man may be able to save most of his 
wages and start a bank account at interest from the very beginning. 

If a young man chooses a suitable farm on which tg hire out as 
a laborer, he should count as no small asset the exp)erience which 
be will gain in a few years in the management of the soils, the 
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raising of special crops, the operation of improved machinery, 
and the knowledge of livestock. If he has already studied agri- 
culture, he may add such experience to his scientific training, and 
soon be able to command a higher wage perhaps on a better farm. 
By this means he may be able to apply his knowledge to better 
advantage, and get increased returns on his investment. EQs 
special training is thus capitalized. 

When a young man is able to make his first payment on a farm, 
it is never difficult to borrow money at reasonable rates of interest 
sufficient to complete the payment on the real estate and provide 
for the equipment. In some cases it is even possible to start with 
nothing, or nearly nothing, and borrow the entire capital necessary 
for the purchase of the farm and its equipment. 

When money is raised in one way or another for the purchase 
of a farm, it is usually better to buy a small farm which will give 
good returns on the acreage than to buy a very large farm and 
not have enough capital left with which to operate it properly. 

Choosing the Region for Fanning. — ^When a farm is to be 
chosen, the general region in which to locate is the first matter of 
consideration. 

Among the important matters for consideration are: (1) The 
general prosperity as shown by the people living in the region. 
This may be indicated by their buildings, equipment, livestock, 
good crops, schools, churches, roads and other matters which may 
be easily observed, (2) Climate is no small matter for considera- 
tion, as the health of the family is often injured by severe changes 
in climate. The amount of rainfall, the losses due to winds and 
hail must all be considered. The suitability of the season to the 
crops which are to \>e grown must also be considered at this time. 
(3) The richness of the soil of the region in general. This may be 
studied at first hand on the ground. 

Selecting the Farm Itself. — Among the things which should be 
taken into consideration in choosing the farm are size, fertility of 
soil, natural dniinage, or possibility of artificial drainage, water 
supply, possible irrigation, freedom from erosion, buildings and 
other improvements on the place, orchards or other permanent 
plantings, roads, distance to markets and shipping points, neigh- 
bors, school, church, taxes, cooperative efforts, in the community, 
and possibility of future devdopment. In visiting the farms that 
are for sale in any region, they should be listed and scored with 
reference to each of the points just mentioned. 
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Equipping the Farm. — Investment in equipment is usually 
too small in proportion to the investment in land itself. Doubtless 
this has originated from the speculative spirit. More land was 
purchased than was needed because of the prospective rise in 
price. If the available capital be taken as 100 per cent, then less 
than 50 per cent should be invested in the land. Forty-five per 
cent, may be invested in buildings, fences, roads, livestock, imple- 
ments and tools. This would leave 5 per cent as working capital, 
which is indeed small enough. 

Type of Fann. — ^There are a number of features which will 
govern the type of farming to be followed: (1) Climate; (2) 
character and fertility of the soil; (3) character of the roads and 
distances to market; (4) kind of market available; (5) the original 
cost of the land as a relation to intensive or extensive farming; (6) 
the amount of working capital available for annual operations; 
(7) the kind and cost of labor available; (8) the type of farming 
practiced in the neighborhood; (9) such enemies as weeds, insects 
and plant diseases. 

Plan of the Fann. — ^When an old farm is purchased, it is 
seldom planned exactly to suit the needs of the purchaser. It will 
need replanning, and before the plan is made considerable study- 
ing will have to be done (Figs. 301 and 302). As all parts of the 
farm are not alike in fertility, and as the crops that have been 
grown on different parts will leave the fields in different conditions, 
a gradual transformation from the old plan to the new will usually 
be necessary. Of course the farmstead cannot be moved; the 
orchard and similar permanent features remain about as they were. 

In the new plan of any farm there are a number of things to be 
considered: (1) The accessibility of the farmstead from all fields 
or parts of the farm. Have the most distant fields used for crops 
that will require the least travelling back dnd forth. (2) Have 
the fields of such size and shape as to make the work most eco- 
nomical. The larger each field is, the better, and the fewer number 
of fields there are, the better, providing systematic rotations can 
be maintained. (3) Lay out the fields so that the plowing may be 
done lengthwise, and may also suit the topography of the slope, 
and prevent seasonal erosion. (4) Locate the buildings not too 
far distant from the public highway. (5) Suit the new plan of the 
farm to make the changes from the old plan as inexpensive as 
possible. If the fences are poor and will need rebuilding, or if for 
other reasons extreme changes are not objectionable, the new plan 
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may be made more ideaL (6) For a systematic rotation, the plan 
should provide for a series of fields about equal in size. 

UtUizing Farm Labor. — One of the greatest sources of loss on 
the average farm is the failure to utilize the available man labor 
and horse labor to the best advantage. It is lying idle too many 
days in the year. Work for stormy days is seldom provided. On 
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Fia. 301. — Map of 100-acre farm tf>o much cut up into small fields. (Agriculture and Life.) 

Fig. 302. — The farm of the prcoedins figure remapped to save distance to fields and to save 

fence material. (Agriculture and Life.) 

dairy farms the man labor is usually well employed throughout 
the year, but in market gardening, fruit growing and the rais- 
ing of field crops, there is little to do when the weather or soil 
conditions are unfavorable. Where there are occasional stormy 
days, work should be planned along the following lines: Grinding 
tools, grinding feed, cleaning out poultry houses, white-washing 
interiors of buildings, disinfecting bams, reglazing of broken 
windows, using the fanning mill in cleaning seed, repairing and 
painting machinery, wagons and carriages, shoeing horses, trim- 
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ming the coats of animals^ oiling harness, making and repairing 
double-trees, single-trees, axe handles, pick handles, hammer 
handles, repairing furniture, painting and papering the farm house, 
and many other things which occur incidentally. 

Planning winter work for the farm teams is an important item 
in good farm management. If the roads are fit to use, the teams 
may haul fertilizer, lime, manure from town, and may haul to 
town any products that are to be sold, such as hogs or other live- 
stock, and perhaps wheat or other grain. Teaming work may be 
obtained in a nearby town, or contracts may be taken for the 
marketing of produce in other regions. The hauling of wood, logs, 
lumber and other materials may be contracted before the winter 
season comes on. If the teams can be kept steadily employel 
they will be far more profitable. Such labor will give steady em- 
ployment for the men who take care of the teams, and who may 
also be used in caring for other animals on the farm mornings and 
evenings. 

If work animals are to be idle through the winter, they should 
also be used for breeding purposes, if possible. 

Marketing. — One of the greatest problems connected with 
marketing of farm produce is to decide when to sell. For standard 
products such as livestock, grain, fibre crops, tobacco and others, 
the market prices should be studied carefully. A paper which gives 
reliable market reports should be a regular visitor at the farm. 

Make a record of the market prices of any one product, as 
wheat or com, showing the price on the first of each month through- 
out the preceding year, or if possible through a number of years. 
An examination of such a record will indicate the best month in 
which to sell those crops. The man who has capital enough so 
that he can afford to hold until the best market month of the 
year will usually realize the best returns. Prices are often greatly 
depreciated because of the great numbers of farmers who are not 
thus supplied with capital and cannot afford to hold their produce. 

Selling. — There are a number of ways of selling products. On 
farms making specialties of certain crops, the owner will soon 
discover the best method of marketing. Poultry products, for 
example, may be sold to dealers who travel through the country 
and offer a cash price at the farm. This is one form of wholesaling. 
They may also be sold to stores or special dealers at wholesale 
prices. In contrast with this, many of the products are sold to 
consumers at retail prices. This usually requires the farm wagon 
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to go from place to place about the village or city to make deliv- 
eries to customers. A more recent method of retailing is to ship 
the products by parcels post direct to the consumer. Any or all 
of these methods of marketing the various farm products may be 
tried and the best one finally adopted as the method to be followed. 

Cooperation in Marketing. — Among the best examples of 
marketing are those conducted by cooperative associations run- 
ning butter factories, cheese factories, fruit packing establish- 
ments, grain selling, and others. The methods used are entirely 
legitimate, and usually bring better returns to the producer. The 
market is not so badly glutted with worthless products if the pack- 
ing and marketing are done under the rules of a cooperative asso- 
ciation. Bad butter, bad cheese, poor fruit and other products 
are eliminated. These are simply not produced at all by the mem- 
bers of the cooperative association. One of the chief benefits result- 
ing from such cooperation is that it teaches the members to produce 
articles which the market demands. For example, fruit is thinned 
to make it larger, and it is sprayed to keep it from being damaged 
by insects and diseases. Selling by cooperative societies usually 
allows the use of wholesale methods, such as shipping in carload 
lots, and the holding of products in cold storage for better prices. 

Cost of Crop Production. — Much study hiis been given in eflForts 
to devise the best method of keeping accounts of the cost of pro- 
duction of crops. In contrast with these efforts, we find thousands 
of farmers who do not keep any record of production. A simple 
method of cost-accounting should be devised and intelligently 
followed by every farmer. Ordinary bookkeeping will not fit 
the conditions on a farm. Special accounts must be kept with 
each crop, and a simple method of charging up the man labor, 
horse labor, machine depreciation and maintenance, fertilizer, 
seed and other items must Ix) used. A simple method of keeping 
records is described in Productive Farming (which see). 

Successful Fanning. — Whether farming operations are suc- 
cessful or not will depend to a very great extent upon the losses 
sustained in the operations. Losses are conunon along the fol- 
lowing lines: (a) Climate and weather conditions, which are 
largely beyond the control of the farmer, (b) Bad management 
of the manure, (c) Erosion due to bad management, (d) Un- 
profitable use of the time of hired hands, (e) Loss from sickness 
and death of work horses or other animals, (f) Failure to spray 
or otherwise combat insects and plant diseases, (g) Bad manage- 
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ment regarding the control of weeds, (h) Failure to plant, drill 
and harvest at the proper time, (i) Bad methods in marketing. 

Overcoming Losses. — ^The young farmer who can best over- 
come all of these diflSculties is the one who will be most successful 
in farming. Losses along one or more of these lines will greatly 
reduce the profits which a man would otherwise have a right to 
expect from his farming operations. Special lines of farming are 
usually more profitable than general farming, and yet much more 
profit is often made by the general farmer. More knowledge is 
required to operate a farm running a number of lines than a farm 
run along one special line. The corollary of this is that a man can 
usually succeed best in a special line, but he is likely to have a 
number of losses overtake him. He has less opportunity for 
rotation of crops, and the consequent control of insects, diseases 
and weeds In most special lines he has lost opportunity for dis- 
tribution of labor throughout the year. If the market is bad for 
his specialty his losses are more severe than if he has a number of 
different crops to sell. 

A word of encouragement should be given to the young man 
who contemplates farming as his vocation. Read again the first 
few paragraphs of this chapter. The farm is calling for men who 
are willing to crll themselves men, and who are willing to stand 
up and do as well in this occupation as they would in mercantile 
lines or professional lines. There is always room at the top, and 
there is plenty of room for successful farmers. This business is 
never overcrowded. The calling is dignified and elevating. If 
the young man surrenders and .says he cannot make a success of 
farming, it will be because he decides he cannot put his best life 
into it, and that he cannot master the intricacies of the business. 
He is either too ignorant or too indolent. We find few complete 
failures in farming. On the other hand, we find numerous suc- 
cesses. In entering the agricultural field, one should aim high and 
have the strongest ambitions, and a firm determination to succeed 
against all adversities. 

FIELD AND LABORATORY EXERCISES 

1. Obtain prices of land in the vicinity, either from agents or owners. 
Then calculate the average price per acre of all such places. Get also the range 
in price per acre, and explain, u possible, the cause for the wide difference 
found. 

2. Make a rough inventory of the farm equipment on several of the farms 
which are included in the preceding exercise. In each case what is the per 
cent of value of equipment and value of land, counting the total investment 
100 per cent ? 
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3. More Equipment — Determine, if possible, what additional equipment 
you would want in each of the cases above referred to. 

4. Make a regional score card for use in choosing the region for fanning. 
Give proper percentages for each of the points to be considered. 

5. Make a farm score card for use in choosing the farm itself, indicating 
the proper percentages for each of the points to be considered. 

6. Score the region in which you live, using the regional score card. 

7. Classifying Farms. — Make lists oi farmers for five miles along a certain 
highway, and classify these according to type of farming followed by each. 
If this survey can be extended over a larger area, so much the better. 

8. Storing Farm Products. — Investigate, either by inquiry or by visiting, 
the methods of storing crops for winter sale or winter use. Compare the places 
and methods of storing fruits, root crops, com, small grain, cotton, tobacco, 
and other staple products. 

9. Marketing Staple Crops. — Investigate and write a report showing the 
methods of marketing staple crops by the farmers of your region. 

10. Marketing Perishable Crops. — Make a report for perishable crops, 
such as fruits, fresh vegetables, eggs, butter and otners, as suggested in pre- 
ceding exercise. 

it. Farm Accounts. — Determine if, possible, what farmers, if any, keep 
systematic records of the cost of production of crops, and of other farm opera- 
tions. Compare the numbers who do this with numl^ers of those who do not. 
Report the reasons a.s8igned by farmers for not keeping accounts. 

12. Compare methods of recording in use and show the advantages of 
those which you consider l)est. 

QUESTIONS 

1. Enumerate the things a good farmer needs to know. 

2. Mention the several advantages to consider in deciding whether to be a 

farmer or not. 

3. What are the methods of getting started into farming? 

4. Compare these methods. 

5. Describe fully the three main features of the region in which you might 

wish to farm. 

6. Give a list of the points to consider in choosing the particular farm in a 

given region. 

7. Give all the suggestions you can to be considered in equipping a farm. 

8. What thin^ willgovern tlie type of farming to follow? 

9. Give some directions for replanning an old farm. For planning a new farm. 

10. What attention should l^ given to the steady employment and use of 

farm labor and teams? 

11. What benefits arise from improved methods of marketing? 

12. What examples of bad methods in marketing have you oljserved? 

13. Give examples of cooperative marketing — ^if possible from your own 

observation. 

14. Descrilje a method of cost-accounting. 
1.5. What are the chief causes of losses in farming? 



16. What losses have vou actually observed? 
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CHAPTER XXXII 
THE RURAL COMMUNITY 

The better I am acquainted with agricultural affairs, the better I am 
pleased with them; insomuch, that I can nowhere find so great sati^action 
as in those innocent and useful pursuits. — George Wasuinqton. 

Anyone living in the country, whether he be gaining his live- 
lihood from farming operations or from other sources, should have 
a deep interest in the welfare of the conmiunity in which he lives. 
Too often there are members of the conmiunity who allow matters 
to take their own course and never show a community interest 
in things that are vital to its welfare, as well as to their own. This 
state of mind is more common among tenant farmers than among 
owners of real estate. 

There are a number of special lines to which members of the 
community should give their constant attention: (1) Educa- 
tional facilities. (2) Social and religious advantages. (3) Good 
roads and means of transjwrtation. (4) Telephones for inter- 
communication. (5) Mail service. (6) Cooperative projects. 
(7) Good health and sanitary surroundings. (8) Civic improve- 
ment. (9) Beautifying of the home. 

Good Rural Schools. — We should strive to have a school run 
as many months in the year as possible. The best teacher available 
should be employed for the work. Several teachers are usually 
better than one. 

Where several schools may be consolidated by selling old 
buildings and erecting one large one with several rooms, this 
will allow of the maintenance of a much better school. The school 
can then be more completely graded, and more of the vocational 
work be introduced. This may permit the introduction of agri- 
culture, cooking, sewing and shop work. It may give some oppor- 
tunity on the part of the teachers to take a lively interest in the 
general welfare of the community, particularly as regards social 
matters. Young people will then feel more contented with rural 
life and not wish to leave the farm. 

In places where a new school is to be erected, provision should 
be made, if possible, for living quarters for the teacher, or for 
the principal, who should in that case be a married man. If a 
444 
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home for the teacher is provided, the use of the living quarters 
may be a part of his compensation. The man should be qualified 
to manage the gardens, agricultural plots, or a small farm connected 
irith the school. He may be able to raise much of the garden and 
farm produce tor his own family, and in connection therewith 
teach the most vital lessons in agricultm^ to his pupils. There is 
much need for having schools operated as many months in the 
year as possible, and if a home for the teacher is provided, the 
school should be open the entire twelve months of the year. In 
order to provide vacation for the pupils themselves, certain 
grades may take their vacations at different times of the year. 
This will reduce the actual expense for the salaries of teachers 
employed in the school, but will utilize the school building and 
grounds throughout the year. 

Social Interests, — Human beings are what the naturalists 
would call "social creatures." Thpv must mingle with each other 



FiQ. 303. — A aeichborhood mccling with ■ dtmoiiBtration in CKnnioB vCEStsblH. (A«ri- 
culture and Life.) 

and if opportunity is not provided for this in one place, they will 
go to another instinctively. It is in the lives of young people that 
this instinct is most highly developed, Hundreds and thousands 
of communities in America are almost deserted by young people 
who are old enough to get away. The small children and the aged 
parents only are found in the homes. 
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There are many ways in which social hfe may be improved. 
Canning clubs (Fig. 3(fi) and home improvement clubs, among 
girls, have aided in this matter. Com clubs (Fig. 304), pig clubs, 
and poultry clubs among boys have helped (Fig. 305). Rural 
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athletics bring the young people together in track meets, field 
games, and lawn sports where friendly contests and wholesome 
rivalry prevail. 

During the winter seasons, when the evenings are long, 
socials should be held at the school, the rural church, or at the 
homes of the neighbors. Music, household games, spelling con- 
tests, debating and declamation often prove effective. 

The Rural Church. — If the neighborhood does not have a 
church building, there may be a church organization or at least a 
Simday school organization. Young people as well as older ones 
must have the religious instinct nurtured. One great difficulty 
with the rural church is that it does not take an active interest 
in other conununity affairs. The religious side of man is not a 
separate and distinct thing, and should never be treated as such. 
It is part of human nature and must be interwoven with other 
threads of interest to make up the fabric of man's life. Religious 
and social instincts go hand in hand. Church organization, and 
the pastor who is the leader in this, must make much of the 
religion of everyday life and show how the upbuilding of the reli- 
gious spirit will better the members here on earth as well as here- 
after. The present-day teachings are that the different denomi- 
nations can and should work in harmony with each other under 
the same roof. Surrender a little of the denominational feeling 
and make the conununity a better one by helping to maintain and 
improve work already started. 

Bad Roads. — Local effort should be expended in the improve- 
ment of roads, bridges and means oT transportation. Dirt roads 
may be greatly improved by the use of road drags, but a road 
drag is chiefly for the maintenance of roads already graded. It 
may be said that the keynote to good road construction is good 
drainage (Fig. 308). Mistakes in road construction are nearly 
always mistakes in drainage. 

After a well-drained road surface is prepared, nature will help 
to maintain it. The wearing of the surface of the road by vehicles 
will tend to produce holes and ruts m the road. If the road sur- 
face is dirt and therefore plastic when wet, these ruts and holes 
can be quickly and easily remedied by the use of a heavy drag (Fig. 
306). This is drawn at such an angle as to move the dirt back 
into the ruts and holes on the crown of the road. If the ground 
is wet the soil will be plastered on the surface much as mortar is 
plastered on a wall, and the wet condition will mg,ke it possible to 
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make the surface that much smoother. When this begins to 
harden by baking in the wind and sun, the surface of the road 
will soon support animals and vehicles. 

Easy means of transportation is so closely linked with the 
marketing of farm produce and with the prices at which produce 
may be sold that all must admit that good roads mean more profit 
on the farm (Figs. 307 and 308). Usually merchants in villages 
and cities are eager to have better roads reaching their trading 
centers. They are always willing to help in providing public 
funds for the construction of bridges and more permanent roads. 




Fig. 306. — Thia drag is made from two pieces of ten or twelve inch plank, two or three 
inches thick and eight or nine feet long, reinforced by a two-inch by aix-inch strip. The cross 
braces are four-inch sticks shaped to fit a two-inch hole. A board platform, not shown in 
the cut, is laid on the croM pieces for the driver to stand upon. (U. S. D. A.) 

The farmer is able to take advantage of the fluctuation in markets 
if he can take his produce over good roads at any time. As good 
roads are necessary for the transportation of mails, the Post OflBce 
Department has demanded improvement of roads before mail 
routes are started. This has been no small factor in good roads 
improvement. 

Rural Telephones. — There are several advantages of having a 
telephone in the farm house .-social, marketing, medical, household 
supplies, emergencies. 

Often the easiest way to secure a telephone in the farm home 
is to organize a local company, each member buying stock in the 
company. Terms for long distance contracts are much more 
easily secured if the local company is a substantial one and has a 
large number of members. 

Extension lines from such exchanges as the county seat or 
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nearby village. Several members along the line subscribe for the 
use of telephones and the company will extend a wire and install 
the machines for a fixed rental and service charge. 

The nual free delivery mail service is so well understood that 



Fio. 307.— On* bsle of cotton wu b heavy lomd on the bad roadi. (D. 8. D. A.) 

its merits heed not be emphasized. Daily mail service may supply 
the daily news, market reports, parcels post and frequent news 
from friends. 



Cooperative Projects. — In dairy sections, the establishment 
of local creameries or elieese factories is of the utmost benefit to 
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the farmers said often results in making them more prosperous. 
Farmers may cooperate in buying supplies in carload lots to be 
divided among themselves. These may include seeds, fertilizers, 
fuel and standard supplies. One of the best projects for coopera- 
tive effort is in the selling of farm produce, such as grain, eggs, 
pork and other meats, green com, tobacco and other things. 

Limited cooperation is seen in joint ownership of thrashing 

sv^r^cc or GKoi/MA 




Fio. 309. — A aeptic tank should receive all wastes from the kitchen and bath room. It 
will destroy these materials and allow only clear water to pass on. 

machinery, grain binders, corn harvesters, shredders, rock crushers, 
lime kilns, road machinery, ensilage cutters, and orchard sprayers. 
Pure bred sires, such as stallions, are sometimes owned in coopera- 
tion. 

Health of the Family. — It is easy and perhaps more economical 
to provide sanitary surroundings in the country than in the city. 
The coal smoke nuisance is not objectionable. Neighbors are not so 
near as to contaminate each other. Drainage facilities can easily 
be provided. Sanitary practices must be rigidly enforced. Modem 
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conveDiences are not more expensive in the country than in the 
city. Provide a toilet, bath, and kitchen sinlc. A septic tank 
Bbould be installed for the use of every country home. If this is 
not done the sanitary privy described in United States Farmers' 
Bulletin 463 is the next best plan. It costs no more to provide 
for health than it does to be sick, to say nothing of the doctor's 
bills and the remorse and suf- 
fering which follow sickness. 
A wat«r pressure system is a 
great convenience and aid to 
heidth (Fig. 310). 

A septic tank (Fig. 309) 
for the average family may 
be made a few rods from the 
house and some distance from 
the well. It is a hole in the 
ground about five feet deep 
and five or six feet in diameter. 
This may be walled with brick 
or atone laid in cement mor- 
tar, or the walls and floor 
may bts of concrete. An in- 
flow pipe should run from 
the bath room in the bouse 
to the tank and be covered 
withearth the entire distance. 
This should be deep enoi^h 
to prevent freezing. The pipe 
is foui- inches in diameter 
and where it enters the tank 
tfTn w»h^«i;r"n1^?.*Tr"'ind''™"r"«nTr '* 1«19 an pibow reaching one 
Si5uC"««. J"£^ ?rd."™^C«''ii^ milf *o"t o"" """* ^»el<*w the point 
(Flint Biid w.iiiDn Mtg. Co.) of entrance or may have a 

baffle board in front of it as shown in figure 309. The purpose of 
this is to prevent agitation of the scum on the top of the water in 
the tank wlien the tank is full. 

The outlet pipe which takes the water from the tank should 
be on a level with the inflow pipe, but inside the tank this 
should have connected with it a joint of pipe which reaches one or 
two feet below the surface of the liquid. The purpose is to prevent 
the drawing off of the scum by drainage. The outlet pipe may 
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extend some distance away and termmate in a pile of debris such 
as broken rocks, bricks or other refuse. For the septic tank to 
operate successfully in destroying the wastes, it must have an 
undisturbed scum at the top of the liquid where beneficial bacteria 
are doing their work. 

Civic Improvement. — Societies for the general improvement 



Fio. 31Z. — Tbe anae home alter beinR pminted mnd beautified with tIbm, ihrabtMry ud 

flowcn. (U-8. D. A.) 

of the community in ways which are not necessarily of an eco- 
nomic nature should be operative in all sections. They may have 
pul>lic lecturers instruct iilong lines of improvement: (a) The 
beautifying of the home grounds, (b) The improvement of the 
landscape along private roads and highways, (c) Roadside trees. 
(d) School grounds, church grounds and public parks, (e) Rural 
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architecture, (f) Removal of unsightly objects, as sign boards 
and unsightly shanties, (g) Planning roads and driveways. 

Beautifying of the Home. — Landscape gardening in the country 
is practiced chiefly by suburban residents, but the farmer who 
owns a home should try to make it attractive. The planting of 
trees, shrubs and vines according to a fixed plan which the owner 
has worked out after careful study will do much to make the 
place attractive and the cost will be very slight. The use of paint 
and whitewash on the buildings and fences will help to give a 
feeling of prosperity, comfort and contentment. The cleaning 
up of the premises will aid not only in the training of young people 
and the public in general, but it will have a wholesome influence 
upon the farmer and his family (Figs. 311 and 312). 

FIELD AND LABORATORY EXERCISES 

1. Rural School Conditions. — Get reports from the County Superinten- 
dents or others who may be inionned regarding the work and conditions 
existing in several rural schools of your county. Compare these regarding all 
of the mfonnation obtainable. P'or example : (a) Efforts for the beautinca- 
tion of the grounds, (b) The teaching oi such practical subjects as school 
gardening, cooking, sewing, woodwork, and other handi\\ork. (c) The 
correlation of these subjects to the old line subjects of the school, (d) The 
number of school months in the year, (e) The percentage of attendance, 
(f ) The extension of the school work to the people of that dfistrict. 

2. A social and religious survey of the region mav be conducted by mem- 
bers of the school to obtain the nunil:)ers of people who would l)e glad to par- 
ticipate in social activities such as some of those mentioned in this chapter, 
or who are already doing so. Find what i^ercentage of the people who are old 
enough — say over eight years of age — are actually attendins religious ex- 
ercises, either church or Sunday school, somewhat regularly. If there be no 
church meetings or Sunday school meetings in the community, ascertain the 
total number who would attend such meetings if they were started. 

3. Compare with Other Communities.— Obtain reports from other com- 
munities either in the same county or in nearby counties, and compare the 
facts obtained in the local survey with those in other places. Have any of these 
communities more churches to support than they need? Can you suggest a 
solution of this difficulty? 

4. Road Materials. — Collect and study the materials available in your 
neighborhood that are suitable for road building. What combinations of 
these materials are sometimes made? Classify the materials according to 
superiority and also according to cost. 

5. Make a road survey of the region and determine the percentage of 
graded roads and also the i)erpentage of hard surfaced (paved) roads. 

6. Rural Telephones. — If there are no local telephones in the neighbor- 
hood, obtain prices from telephone companies or hoases supplying telephone 
materials and calculate the cost of poles, wires and instruments for a suitable 
local line or exchange. 

7. Make a survey of the region chosen to determine how many would 
consider the installation of a telephone in their homes. 

8. Use of Rural Mail Service. — By incpiiry a.scertain how many of the 
people nearby who are served hy the rural free delivery of mails make daily use 
of tne mails, by obtaining market reports, taking daily papers, or othen^ise. 
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9. Rules for Co5perative Companies. — Get copies of the constitution and 
by-laws of the nearest cooperative project, or any others obtainable. If 
possible^ compare the rules of different cooperative companies, marketing 
associations and others. 

10. Comparison of Rules. — Make a tabulated comparison showing their 
differences in produce and sale of stock, voting privileges, penalties for viola^ 
tion of rules, powers of managers and other points. 

11. A health survey of a certain community should be made. The local 

{)remises may be graded on each of a number of points such as: (a) Proper 
ocation of well, or ground near well, (b) Disposal of kitchen waste, (c) 
Disposal of sewerage and offal, (d) Screening against flies and mosquitoes, 
(e) Destruction of their breeding places, (f) Regular use of disinfectants 
about cellars, (g) General cleanliness of houses, bams and other buildings, 
(h) Proximity of house to bam and other buildings where flies are attract^. 
« 12. Make a list of all of the unsightly objects along roads, trolley lines, rail- 
roads or elsewhere that should and could be readil}^ improved . In such case, de- 
termine, if possible, who is responsible for the existence of such nuisances. 

13. Best Trees. — Along certain lines of road count the number of trees 
either planted or native which mav furnish shade for the roadway. Make a 
list of the kinds of trees used for this purpose and compare them as to which 
are most suitable. 

14. More Tree Planting. — For a strip of road which is not provided with 
shade trees make a list of the numbers and kinds you would recommend for 
planting. Indicate the distances l)etween trees and the distances from the 
side of the road at which the trees are to be set. Whose duty would it be to 
have such trees planted? 

15. Compare five farmsteads in regard to the number of shrubs used for 
beautifying tne grounds; the number of vines growing and the suitability cd 
these to the objects upon which they are climbing. Rank these five places, 
putting the best at the top of the list. 

16. Improvements Needed. — Make suggestions for the further improve- 
ment of each of the places included in the preceding list. 

QUESTIONS 

1. What are the special lines of interest to which members of the community 

should give their attention? 

2. Discuss the features of a good rural school. 

3. What are some of the means of maintaining the social interests of the 

community? 

4. Give points concerning the improvements of the rural school. 

5. Give reasons for the building and maintenance of good roads. 

6. Describe a home-made road drag and give its uses. 

7. Give different plans of establishing rural telephone lines. 

8. What are the uses of a rural telephone? 

9. Describe the workings and rules of a cooperative creamery. 

10. What other coopenitive projects can you describe? 

11. What are some of the conditions that must be improved, in order to 

maintain health in rural districts? 

12. Mention some of the lines of endeavor for civic improvement. 

13. What examples of this have you observed? Explam their workings. 

14. Give reasons for trying to beautify the farmstead and make it attractive. 

References. — United States Farmers' Bulletins: 345, Some Common 
Disinfectants; 377, Harmfulness of Headache Mixtures; Also on roads, Nos. 
311, 333, 50.5, and 597. 

Cornell Reading Courses, Coimtry Life Series, No. 1 : The Rural School 
and the Community, Rural Improvement, Waugh, Orange Judd Co., N. Y. 
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Abaca (Manila fibre), 308 
Adaptation, 26 
Agriculture and forestry, 353 
Air for germination, 3 

in soils, 72 
Alfalfa, 144, 170-173 

in rotation, 144 

cutting, 173 

curing, 173 

amount of seed, 171 

inoculation for, 170 

lime for, 171 

varieties of, 172 
Almonds, 364 
Ammonia sulfate, 117 
Annuals, 373, 380 
Apple rust, 413 

scab» 413 

tree borers, 404 

flat-headed, 404 
round-headed, 404 
Apples, 325 

culture, 324-5 

fertilizers, 325 

pruning, 321-2 

setting, 322 

spraying, 325 

storing, 331 

varieties, 325 
Aquarium, 11 
Arsenate of lead, 421 
Arsenic, test for, 431 
Arsenical poisons, 420 
Arsenite of zinc, 421 
Artichokes, Globe, 274 

Jerusalem, 274 
Ashes, 112 

potash from, 124 
Asparagus, 273 

Bacteria in soils, 72 

Barley, 212 

culture of, 214 
types of, 214 

Barnyard manure, 103 
care of, 105 
preservatives in, 106 
rotted, 108 
spreading of, 107 
testing, 124 



Basic slag, 119 
Bean, velvet, 180 
Beans, 275 

lima, 276 
Beautifying home, 453 
Beets, garden, 245 

growing, 245 

sugar, chapter on, 239 
Bermuda grass, 158 
Biennial, 373, 380 
Blackberries, 337 
Black-knot, 416 
Blue-grass, Kentucky, 155 
Boll-weevil, 297 
Boll-worm, 208 
Bordeaux mixture. 425, 431 

test for, 431 
Borers, peach, 405 

squash vine, 406 

apple tree, 404 
Breathing of plants, 6 
Breeding, 34 

corn, 36, 37 

cotton, 39 

seed, 34 

tobacco, 39 
Broccoli, 26a 

Brome grass, smooth, 151, 158 
Brown rot, 414 
Brussels sprouts, 268 
Buckwheat, 216 
Budding, annular, 61 

H, 61 

practice of, 68 

plate, 61 

ring, 61 

shield, 62 
Bulbs, 56 

Business of Farming, chapter 
on, 434 

Cabbage, 251 

worms, 405 
Calcium cvanimid, 117 
Canada field peas, 117 

thistle, 381 
Cane sugar, manufacture of, 318 
Canning clubs, 446 
Canker worms, 404 
Carbon bisulfide, 424 
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Carrots, 246 

Rowing, 247 
Cauliflower, 267 
Celeriac, 269 
Celery, 268 
Cherries, 327 
Chestnut, 363 
Chinch bug, 400 
Cliives, 272 
Chlorophyll, 4 
Citron melon, 279 
Citrus fruits, 328 
Civic improvement, 452 
Cleaning up, 418 
Clovers, 165 

alsike, 168 

bur, 180 

crimson, 169 

Japanese, 179 

mammoth, 167 

red, 165 

sweet, 180 

white, 167 
Cocoanuts, 364 
Codling moth, 401 
Coldframes, 259 
Coleoptera, 393 
Collards, 270 
Commercial fertilizers, 115 

for gardens, 257 
Compost, 108, 257 
Conservation of moisture, 88 

of soil, chapter on, 94 
Cooperative projects, 449 
Corn, chapter on, 187 

binders, 196 

breeding, 36 

by-products, 187 

classes of, 187 

curing, 197 

dent, 189 

distribution of, 188 

ear-worm, 400 

flint, 189 

harvesting, 194 

judging, 199 

planters, 192 

planting, 191 

pop, 189 

preparation of Hoil for, 191 

rules for jiidjjing, 199 

score card, 203 

seed, 196 

sweet, 189, 276 

tillage of, 192 



Corn, testing seed for, 48 

types of, 190 

varieties, 191 
Cost of production, 441 
Cotton, growing, chapter on, 286 

baling, 295 

breeding, 39 

boll-weevil, 297, 400 

boll-worm, 298 

culture of, 291 

diseases, 299 

fertilizing, 291 

grades of, 295 

ginning, 294 

insect enemies, 296 

judging, 289 

long staple, 288 

machiner}', 299 

picking, 292 

planting, 291 

preparation for crop, 290 

root rot, 299 

score card, 289 

seed, 117 

types of, 288 

varieties, 287 

wilt, 299 

yields, 294 
Cover crops, 90 
Cow pea, 175 

seeding, 177 

varieties, 176 
Cress, upland, 271 
Cropping, companion, 146 

succession, 146 
Crop rotations, chapter on, 137 
management, 138 
principles, 138 
Crossing, 27 
Cross-pollination, 15, 30 
Crude oil, 424 
Cucumbers, 279 

striped beetle, 406 
Curculio, 402 
Currants, 339 
Cuttings, 59 

grape vine, 60 

practice in making, 68 

Diecious, 14 

Digestible components in feeds 
(table), 220 
nutriments, in cotton (table), 
300 

in grain crops (table), 221 
in legumes (table), 184 
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Diptera, 396 

Diseases, plant, chafpter on, 409, 
419 
Control of, chapter on, 417 
THvision, pzx>pagation by, chapter 
on, 55 
of crowns, 56 
Drainage and Irrigation, chapter on, 
126 
eflfects of, 130 
profits from, 128 
where it helps, 126 
Drains, kinds of, 129 

under, 129 
Dust mulch, 89 

Egg plant, 282 

Endive, 271 

Environment, 24, 33 

Erosion, 74 

Exercises, at end of each chapter 

Farm, crops, principles of, chapter 
on, 34 
equipping, 438 
knowledge necessary, 434 
level, 135 
losses, 442 
mapping, 439 
plan of, 438 
selecting, 437 
type of, 438 
Farm and Garden Seeds, chapter on, 

44 
Farming, business of, chapter on, 
434 
methods of starting, 435 
region for, 437 
successful, 441 
Fescue, 152 

meadow, 157 
Fertilizers, analysis, 121, 122 
buying, 121 
commercial, 115 
formulas, 122 
home mixing, 123 
samples, 124 
use of, 120 
Fertilizing value of cotton (table), 
300 
of grain crops (table), 221 
of legumes (table), 184 
Fiber crops — minor, chapter on, 302 

flax, 302 
Field and Laboratory exercises, end 
of each chapter 



Fish, 116 

Field pea, Canada, 177 

soaps, 423 
Flax, 217, 302 

growing, 303 

harvesting, 304 

origin of, 302 

retting, 305 

seeds, 218 

wilt, 306 

world's production of, 303 
Flowers, chapter on, 13 
Fodder crops, 152 
Forage crops, chapter on, 149 

definition of, 149 
Forests and Wood lot, chapter on, 
348 

products of, 348 
Forestry and Agriculture, 353 
Forests, use and abuse, 351 

preventing waste, 352 
Fruit growing, chapter on, 320 

harvesting, 328 
Fungicides, 420 

Gardening, vegetable, chapter on 254 

soils for, 256 
Garden seed, chapter on, 44 

testing, 49 
Garlic, 272 

wild, 382 
Germination, 1 

what it is, 3, 11 
Gherkins, 279 
Gooseberries, 338 
Grafting, 64 

cleft, 66 

double working, 67 

whip-tongue, 64 
Grafts, 63 
Grain drills, 219 

harvesters, 219 

rust, 413 

smut, 411 

thrashers, 220 
Grains, small, chapter on, 205 

storage of, 53 
Grapes, 340 

score card for, 343 
Grasses, chapter on, 149 
Green manure, 100 

from cover crops, 100 
improvement from, 101 
Guard cells, 7 
Gumbo (okra), 277 
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Harvesting fruit, 328 

grading for market, 333 
judging, 334 
packing for market, 333 
special harvesters, 330 
when to pick, 330 
Hay, 151 

caps, 175 

halers, 162 

forks, 163 

rakes, 161 
Health, 450 
Hellebore, 422 
Hemiptera, 393 
Hemp, 306 

seeding, 307 

soil for, 306 

yield, 308. 
Henequin, 310 
Heredity, 22 

Mendel's law of, 31, 33 
Hessian fly, 401 
Hickory nut, 362 
Hops for brewing, 214 
Horse radish, 270 
Hotbeds, 258 
Humus, 70, 87 

adding, 91, 103 
Hybridizing, 33 
Hymenoptera, 398 

Inject enemies, 398 

natural, 399 

predaceous, 399 

remedies for, 398 
Insecticides, 420 
contact, 422 
Insects, economic, chapter on, 390 

control of, 417 

by crop rotation, 418 
trap crops for, 418 

life histories of, 398 

orders of, 393 

pinning, 407 

trapping, 419 

true, 390 
Irrigation, and drainage, chapter on, 
126 

methods of, 134 

overhead, 134 

of potatoes, 229 

systems, 132 

water for, 133 

.lapan clover, 179 
Johnson grass, 152, 381 
Jute, 312 



Kainit, 120 
Kale, 250 

sea, 274 
Kerosene emulsion, 424 
Kohlrabi, 251 

Laboratory exercises, end of each 

chapter 
Labor, utilizing, 439 
Land- plaster, 106 
Layering, mound, 59 

tip, 58 

vine, 59 
Leaves, 4 

in relation to light, 7 

office of, 5 

structure of, 6-12 

Leeks, 272 

Leguminous crops, chapter on, 165 
Lepidoptera, 394 
Lespedeza, 179 
Lettuce, 264 
Level, farm, 135 
running, 135 

Lime, 108 

action of, 112 

air-slaked. 111 

burned, 110 

concentrated, 422 

effects of, 109 

forms of, 110, 124 

for alfalfa, 171 

hydrated. 111 

need of, 110 

rate of application, 113 

eelf-boiled, 422 

sulfur, 422 
Liming, methods of, 114 
Loam, Carrington, 78 

Fargo clay, 78 

Heavy clay, 77 

Marshall silt, 78 

Miami clay, 78 

sandy, 77 

Machinery, forage crop, 160 
Mangel-wurzels, 243 

cultivating, 243 

feeding, 244 

harvest, 244 

planting, 243 

storing, 244 

thinning, 244 
Manila, fiber (abaca), 308 
Manure effect of, 124 
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Manure, 100 

barnyard, 103 

green, 100 

liquid, 100 

rotted, 108 

use of, 103 
Manuriai value of feeding stuffs, 

104 
Maple sugar, 360 
Marketing, 440 

cooperation in, 441 
Market liuetuations, 146 
Meadow oat-grass, 152 
Mendel's law, 31, 33 
Metamorphosis, 390 

complete, 390 

incomplete, 392 
Millets, 159 
Miscible oils, 423 
Moisture, 2, 11 

conservation of, 88 

fine film, 83 

hygroscopic, 85 

in dust, 92 

loss of, 88 
Monecious, 14 
Mound layering, 59 
Mowers, 160 
Mulch, dust, 89 

effect of, 93 
Muskmelons, 278 
Mustard, 265 
Mutation, 22 

Nicotine sulfate, 423 
Nitrate of soda, 117 
Nitrogen, 116 

Oatfi, breeding, 40 

growing, 211 
Oil, test for, 11 
Okra, 277 
Onions, 271 

wild, 382 
Oranges, 328 
Orchard grass, 156 
Orchards, 320 

culture of, 325 

fertilizers for, 325 

setting trees, 322 

spraying, 325 

starting, 320 

tillage, 323 
Organic matter, 70 
Organisms in soil, 71 



Orthoptera, 393 

Osmosis, 9, 12 

Oxygen for germination, 3 

Parsley, 271 
Parsnips, 269 
Paris green, 421 
Pastures, 150 

mixtures, 151 

permanent, 150 
Peaches, 326 

leaf curl, 415 

packing, 331 
Peanut, 182 

culture of, 183 
Pears, 326 

ripening, 332 
Peas, panada field, 117 

garden, 266 
Pecan, 363 
Pedigrees, 32 
Peppers, 283 
Perennial, 373, 380 
Persian insect powder, 424 
Phosphoric acid, 118 

availability, 124 
Plant breeding, principles of, chap- 
ter on, 22 

diseases, chapter on, 409 

diseases, 419 

life, chapter on, 1 
cycle of, 1 
Plants, hardy, 261 

perennial, 261 

self-pollinated, 34 

starting early, 257 

tender, 261 

transplanting, 260 

types of garden. 261 
Planting, depth of, 4 
Plate budding, 61 
Plot trial, 120 . 
Plowing, deep, 95 

depth of, 12*3 

fall, 99 

fall or spring, 124 

seasonal, 419 
Plum curculio, 402 
Plums, 327 
Poison bottles, 407 
Pollination, 14 

artificial, 29 

by insects, 18 

by wind, 18 
Popcorn, 277 
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Potato beetles, 231, 400 

soab, 409 

treatment for, 409 

blight, 410 
Potatoes, chapter on, 224 

breeding, 41 

cultivating, 228 

fertilizers for, 225 

harvesting, 231 

Irish, 224 

irrigation, 229 

planting, 227 

by machine, 228 • 

preparation of soil, 226 

scoring, 231 

seed, 226 

soils for, 225 
' spraying, 220 

sweet, 231 

varieties, 224 
Potash, 119 

from ashes, 124 

muriate of, 199 

sulfate of, 119 
Prepotency, 24 
Propagation of plants by division, 

chapter on, 55 
Protoplasm, 4 
Pruning fruit trees, 322 
Pumpkins, 280 
Pyrethrum, 424 

Quack grass, 382 
Quinces, 326 



Radishes, 266 

"Rag doll" method, 48 

Rainfall, average annual, 81 

distribution of, 92 
Ramie, 312 
Poipe, 250 
Raspberries, 337 
Red top, 152, 156 
References, end of each chapter 
Reversion, 24 
Riiubarb, 273 
Rice, 215 

culture, 216 

harvesting, 216 

types, 216 

uses of, 215 
Roads, 447 

drag for, 448 
Rock phosphate, 118 

value of, 124 
Rocks, disintegration of, 73 



Root crops, chapter on, 242 

comparison of (table), 242 

cuttings, 67 

.propagation, 55 

soils for, 242 

stocks, 56 

hairs, 8, 12 
Roots, purpose of, 8 
Rotation, to kill weeds, 384 
Rotations, acres in, 146 

and labor, 147 

and nitrogen, 147 

crop, 137 

for peanutS) 145 

for truck farmers, 145 

four-year, 142 

for South, 143 

long, 144 

one-year, 141 

three-year, 142 
. two-year, 142 

Washington's, 145 
Runners, 57 

Rural community, chapter on, 444 
church, 447' 
free delivery, 449 
schools, 444 
telephones, 448 
Rutabagas, 248 
Rye, 214 

culture of, 215 

Salsify, 270 
San «fos6 scale, 402 
Scion, 63 

Seed, farm and garden, chapter on, 
44 

analysis, 44, 47 

breeding, 34, 36 

detection of impurities, 44 

distribution of weed, 377 

obtaining good, 50 

production, chapter on, 13 

testing, 47 
Seeds, cleaners for, 53 

growth of, 18 

home grown, 50 

improving poor, 52 

local growers, 51 

parts of, 21 

purpose of, 20 

sources of, 51 

storage of, 53 

vitality of, 21 
Selection, 24, 33 
Selling, 440 
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Septic tank, 451 
Shallots, 272 
Shelter belts, 91 
Sisal, 310 

Small fruits, chapter on, 337 
Small grains, chapter on, 205 
implements for, 219 
Smut, grain, 411 

corn, 412 
Social interests, 445 
Soil, analysis, 120 

air in, 72 

blowing, 75 

chemical changes in, 98 

classified, 75 

conservation and improvement 
of, 94 

for potatoes, 226 

j^ains, 73 

inoculation, 71, 79 

limestone, 77 

liming of, 108 

live organisms in, 71 

maintenance, 94 

movements, 74 

packing, 100 

physical changes, 98 

types, 78 

water, movements of, 85 

what it is, 69 
Soiling crops, 151 
Soils and their uses, chapter on, 69 

for vegetables, 256 

germs in, 79 

special crop, 79 

water in, cnapter on, 81 

water-holding power, 86, 93 
Soy bean, 177 
Sphinx moth, 406 
Spinach, 265 
"Sports," 22 
Spraying, accessories, 428 

principles of, 426 
Spray pumps, 4^7, 430 
Sprouting, 4, 11 
Squashes, 279 
Squash vine borers, 406 
Starch, formation of, 5, 11 
Stocks, 62 
Stomates, 6 
Storage, of grains, 53 

of seeds, 53 
Strawberries, 343 

propagation of, 58 
Subirrigation, 134 
Sudan grass, 159 



Sugar, 11 

Sugar beets, chapter on, 239 
by-products, 242 
cultivation, 241 
fertilizers for, 239 
harvesting, 241 
planting, 240 
soils for, 239 
thinning, 241 
Sugar cane, chapter on, 314 
by-products, 318 
cultivation, 316 
fertilizers for, 315 
improvement of, 41 
manufacture or sugar, 318 
propagation of, 314 
soils for, 315 
harvesting, 317 
Sulfate of ammonia, 117 
Sulfur, 424 
Superphosphate, 119 
Sweet potatoes, 41, 231 
breeding, 41 
cultivation, 235 
digging, 236. 
diseases, 236 
fertilizers for, 232 
planting, 233 
preparation of soil, 232 
propagating, 234 
setting plants, 235 
soils for, 232 
storing, 236 
varieties, 232 
Swiss chard, 246 

Tankage, 116 
Testing seed, 47, 48 

methods of, 48, 49 

value of, 48 
Tillage, 95 

effects of, 96 
Timothy, 151, 153 

breeding, 40 
Tip layering, 58 
Tobacco, chapter on, 366 

breeding, 39 

culture, 369 

curing, 370 

decoction, 423 

harvesting, 370 

soils for, 366 

setting, 368 

young plants, 367 
Tomatoes, 280 
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Tomato worms, 406 
Top-working, 63 

methods of, 66 

of fruit trees, 65 

with buds, 63 
Trees along roads, 355 
Tubers, 66 
Turnips, 248 
Type, purity of, 30 

Under-drainage, 87 

Variation, 22, 33 

Vegetable gardening, chapter on, 254 
Vegetables, culture of, chapter on, 
263 
Lloyd's classification, 263 
Velvet Wn, 180 
Vetches, 180 
Vine layering, 59 

Walnuts, English and black, 361 
Warmth for germination, 3 
Water, acquired by plants, 8 

capillary, 82, 84 

free, 82, 83 

hygroscopic, 8r2 

required in season, 81 

in soils, chapter on, 81 

soil, 82 

table, depth of, 92 
Watermelons, 279 
Water system, 451 
Weeds, chapter on, 372 

along roadsides, 384 



Weeds, annual, 373 
biennial, 373 
beneficial, 377 
classification of, 373 
control of, by rotation, 380, 384 
dissemination of, 377 
distribution of seed, 377 
eradication of, 380 
injuries and losses from, 376 
laws against, 379 
losses due to, 375 
noxious seeds, 386, 387 
pasture, 383 
perennial, 373 
poisonous, 376 
principles of control, 385 
spraying for, 383 
spreading, 378 
Wheat, 205 

distribution of, 207 
growing, 209 
harvesting, 210 
kinds of. 208 
types of, 208 
Wild onions, 382 
W^ind breaks, 91 
Wood lot, chapter on, 348 
good land for, 355 
management and harvest. 

359 
on the farm, 354 
products of, 348 
value of, 348 
what to plant, 357 
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